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ABSTRACT 


Kannel,  Edward  J.   Ph.D.,  Purdue  University,  June,  1972 
A  DISAGGREGATE  ANALYSIS  OF  URBAN  TRAVEL  BEHAVIOR.   Major 
Professor:   Kenneth  W.  Heathington. 


This  research  was  directed  toward  an  evaluation  of  tra- 
vel behavior  at  a  disaggregate  level  of  analysis.   The  ob- 
jectives of  the  research  were  to  develop  trip  generation 
models  at  the  household  level  of  analysis,  to  evaluate  the 
stability  of  the  relationships  over  time,  to  examine  the 
causal  structure  of  the  variables  found  to  be  most  signifi- 
cant in  explaining  trip  production,  and  to  examine  individu- 
al's attitudes  and  perceptions  of  factors  important  in  travel 
choice. 

A  quasi-laboratory  experimental  design  was  established 
to  evaluate  the  stability  of  household  trip  generation  models 
over  a  seven  year  period.   A  sample  of  357  single  family 
households  was  selected  from  the  1964  Indianapolis,  Indiana 
transportation  study.   The  identical  families  were  reinter- 
viewed  in  1971.  Disaggregate  trip  generation  models  from  the 
two  data  sets  were  equally  successful  for  estimating  the 
zonal  trips  reported  by  all  single  family  units  from  which 
the  survey  sample  was  drawn.   Also,  disaggregate  models  based 
on  data  from  all  dwelling  unit  types  were  comparable  to  ag- 
gregate models  for  estimating  total  zonal  travel.   The  dis- 
aggregate models  provide  the  additional  benefit  of  reduced 
sample  size  requirements  for  estimation  of  model  parameters. 

Examination  of  the  causal  structure  of  the  variables 
indicated  that  family  size  and  auto  ownership  are  the  pri- 
mary explanatory  variables  in  household  trip  generation  equa- 
tions.  Income,  labor  force  and  relative  accessibility 
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provide  an  indirect  influence  on  trip  production  due  to  their 
effect  on  auto  ownership  levels. 

Attitudinal  responses  indicated  only  minor  differences 
among  subgroups  of  the  sample  in  regard  to  factors  important 
in  mode  and  route  choice  and  in  selection  of  a  trip  destina- 
tion.  Travel  time  and  travel  costs  were  not  generally  per- 
ceived as  the  important  factors  in  the  respondent's  decision. 


CHAPTER  1.   INTRODUCTION 

Prior  to  the  1944  Federal  Highway  Act  which  allocated 
monies  for  use  in  urban  area  planning  studies,  very  little 
consistent  effort  had  been  applied  to  obtain  information 
about  the  complexities  of  travel  in  urban  areas.   In  the 
years  preceding  allocation  of  Federal  monies,  the  planning 
efforts  for  urban  areas  were  primarily  shaped  by  knowledge 
of  the  techniques  which  had  been  used  to  develop  rural  area 
highway  plans  or  plans  for  isolated  areas,  such  as  sections 
of  streets,  within  the  urban  area. 

Those  in  charge  of  developing  urban  studies  were, 
however,  aware  that  the  problem  was  much  more  complex.   The 
data  and  procedures  for  studying  rural  area  conditions  were 
inadequate  for  obtaining  an  understanding  of  the  travel 
characteristics  within  the  cities.   Although  many  urban 
planners  felt  the  need  for  more  detailed  studies,  they  did 
not  have  sufficient  technical  background  or  data  for  evalu- 
ation of  the  entire  transportation  system.   Resource 
limitations  also  played  a  vital  role. 

The  need  for  a  greater  base  from  which  planning  decisions 
could  be  formed  was  recognized  by  the  cities  and  the  Public 
Roads  Administration  (later  known  as  the  Bureau  of  Public 
Roads  and  now,  the  Federal  Highway  Administration) .   The 
federal  agency  in  1946  in  cooperation  with  participating 
local  agencies,  started  to  conduct  what  has  become  the 
most  significant  data  base  of  urban  travel,  the  origin  and 
destination  study.   These  studies  have  subsequently  been 
conducted  in  over  200  urban  areas  using  the  same  basic 
format  and  definitions. 

By  1954  the  acceptance  of  the  art  of  urban  transportation 
planning  was  exhibited  by  the  formation  of  the  National 


Committee  on  Urban  Transportation  (NCUT) .   This  committee 
drew  upon  the  experience  of  many  of  the  leading  authorities 
in  traffic  engineering,  highway  planning,  transit  operations 
and  city  planning.   Their  experiences  and  procedural  re- 
commendations were  combined  and  published  in  a  transportation 
planning  guide  and  a  series  of  seventeen  procedural  manuals 
(NCUT,  1958).   These  manuals,  along  with  continuous  advisory 
aid  of  the  Bureau  of  Public  Roads,  helped  cities  to  develop 
transportation  plans  for  various  study  areas. 

The  need  for  uniform,  accepted  procedures  for  developing 
transportation  planning  studies  was  emphasized  by  the  1962 
Federal  Highway  Act.   This  act  required  every  urban  area 
of  over  50,000  population  to  have  a  continuing,  comprehensive 
planning  process  on  which  to  base  their  requests  for  Federal 
Aid  monies.   Because  of  the  shortage  of  persons  trained  in 
transportation  planning,  personnel  with  limited  backgrounds 
were  utilized  to  perform  the  technical  analyses  in  many  of 
the  smaller  areas.   To  meet  the  basic  requirements  of  the 
1962  Act,  the  cities  relied  heavily  on  the  model  formulations 
and  forecasting  experience  developed  in  other  cities;  and 
the  guidelines  and  directives  provided  by  the  Bureau  of 
Public  Roads. 

It  is  fair  to  say  that  the  development  of  the  urban 
transportation  planning  procedures  has  been  formed  through 
a  lack  of  understanding  of  the  complexities  of  urban  travel, 
rather  than  in  light  of  such  knowledge.   There  has  been, 
and  still  is,  a  lack  of  understanding  of  the  entire  decision 
process  which  controls  urban  travel  behavior.   The  inter- 
relationships among  economic,  social,  and  psychological 
factors  which  influence  travel  choice  have  not  been  integrated 
into  a  single  theory  of  travel.   Consequently,  rather  than 
attempting  to  model  the  complex  behavior  as  a  continuous 
decision  process,  the  transportation  planner  has  developed 
a  four  stage,  sequential  modeling  process  known  as  the 
Urban  Transportation  Planning  (UTP)  package.   These  models 


include  trip  generation,  trip  distribution,  modal  split, 
and  trip  assignment. 

Each  of  the  models  of  the  UTP  package  is  normally 
developed  independently  of  the  others  without  consideration 
of  the  interacting  forces  which  occur  in  the  travel  decision 
process.   At  each  stage  in  the  modeling  process,  the  dif- 
ferences between  the  estimated  and  the  observed  conditions 
are  noted  and  "appropriate"  adjustments  are  made  to  force 
the  observed  and  estimated  conditions  to  coincide  before 
entering  the  next  stage  of  the  model  sequence.   Since  the 
modeling  approach  is  not  based  on  an  integrated  theory  of 
travel  behavior,  the  analyst  can  not  effectively  determine 
the  reason  for  the  discrepancy.   As  a  result  the  "ap- 
propriate" adjustment  may  simply  be  a  ratio  factor  between 
the  observed  and  predicted  conditions. 

The  research  reported  in  this  dissertation  does  not 
develop  a  total  theory  of  travel  behavior,  but  the  analysis 
approach  is  directed  to  a  disaggregate  analysis  of  the  data 
so  a  better  understanding  of  travel  behavior  at  the  decision 
level  of  travel  can  be  attained.   Analysis  of  the  trip 
generation  phase  of  transportation  planning  has  been  given 
primary  consideration.   In  particular  household  travel 
relationships  are  examined. 

The  trip  generation  modeling  concept  used  in  traditional 
planning  studies  is  referred  to  as  a  zonal  analysis  concept. 
The  enormous  body  of  data  obtained  in  the  home-interview 
portion  of  the  origin  and  destination  studies  is  aggregated 
and  summarized  in  larger  units  of  the  total  study  area, 
the  traffic  zone.   These  zones  are  the  smallest  areas  con- 
sidered in  all  further  analyses  and  projections.   Through 
aggregation,  large  portions  of  the  travel  variability  which 
exists  within  the  households  are  averaged  out.   As  a  result, 
the  aggregated  relationships  provide  estimation  equations 
which/  on  the  surface,  appear  to  be  statistically  more 
reliable  than  disaggregate  models.   Research  on  model 


formulations  based  on  total  zonal  trips  or  average  zonal 
trip  rates,  however,  has  shown  that  aggregation  of  the 
behavioral  units  to  zonal  averages  masks  the  true  relation- 
ships and  the  causal  nature  of  the  independent  variables. 
The  model  parameters  are  found  to  be  highly  dependent  on 
the  size  of  the  areal  unit  selected  in  the  analysis. 
Further,  the  variables  included  in  the  aggregate  model  may 
not  bear  the  same  degree  of  significance  if  one  had  con- 
sidered the  collinear  effect  of  other  explanatory  vari- 
ables.  For  example,  the  distance  of  a  zone  from  the  central 
business  district  has  been  found  to  bear  a  significant 
relationship  to  trip  production  in  some  prediction  models. 
Other  research  indicates  that  this  relationship  is  mainly 
spurious  in  nature  (30);  when  household  size  and  auto 
ownership  rates  are  considered  at  a  disaggregate  level  of 
analysis,  the  effect  of  distance  from  the  central  business 
district  is  not  a  major  factor  in  explaining  travel  behavior, 

Analysis  of  the  aggregate  data  also  ignores  a  second 
basic  issue  in  model  development.   This  issue  is  related  to 
the  measurement  of  changes.   When  the  analyst  is  interested 
in  measurement  of  changes,  particular  care  must  be  exercised 
to  carefully  identify  the  explanatory  variables  of  the 
model  and  the  parameters  associated  with  those  variables. 
Since  the  aggregate  models  are  based  on  large  volumes  of 
data  which  are  averaged  together,  the  models  are  not 
sensitive  to  subtle  changes  which  occur  at  the  basic 
decision  level  of  travel.   Further,  the  data  measures  habits 
for  a  single  time  frame;  since  it  is  financially  infeasible 
to  obtain  large  quantities  of  data  which  would  be  neces- 
sary to  revise  the  zonal  estimates,  the  relationships  ob- 
served in  the  original  time  frame  are  assumed  to  be  held 
constant  throughout  the  planning  period.   Very  little  basic 
research  to  verify  this  assumption  has  been  conducted. 
Worrall  attempted  to  obtain  a  longitudinal  data  set  to 


measure  changes  over  time  but  the  emphasis  was  on  short 
term  variations  (43).   Logic  suggests  that  changes  in  social 
and  cultural  patterns,  and  changes  in  technical  developments 
will  have  an  effect  on  urban  travel.   To  be  sure,  comparisons 
of  aggregated  relationships  within  an  urban  area  have  been 
made  for  different  time  periods,  but  as  noted,  these  ag- 
gregated relationships  are  dependent  upon  the  level  of 

aggregation  and  the  activity  and  composition  of  the  areal 
units.   Since  the  size  of  some  zones  or  the  level  of  activity 

within  the  zones  may  change  over  the  study  period,  it  is 
difficult  to  separate  the  influence  due  to  changing  area 
description  from  the  influence  due  to  the  changing  relation- 
ships of  the  variables  in  the  model.   The  subtle  changes  in 
urban  structure  and  individuals'  status  and  life  style  cannot 
be  detected  at  the  macro  level  of  analysis. 

A  second  argument  cited  for  aggregating  to  larger  units 
for  analysis  is  that  forecasts  of  future  socioeconomic  or 
land  use  characteristics  which  are  used  in  travel  fore- 
casting models  are  less  reliable  as  the  area  of  projection 
becomes  smaller.   Recognizing  that  travel  projections  could 
be  no  better  than  the  forecasts  for  the  independent  vari- 
ables which  are  in  the  model,  there  has  been  no  attempt  to 
understand  the  complex  relationships  which  exist  at  the 
decision  level  of  travel  choice. 

Again,  the  concern  for  forecasting  the  independent 
variables  to  a  fine  level  of  detail  need  not  be  a  deterrent 
to  analysis  of  the  data  at  the  behavioral  level.   If  the 
variables  are  linear,  forecast  of  the  variables  need  not  be 
different  from  the  forecasts  which  are  necessary  for  the 
zonal  concept  models.   Analysis  can  be  conducted  at  the 
disaggregate  level  and  future  travel  estimates  for  any 
aggregate  area  may  be  possible  because  the  disaggregate 
model  parameters  are  not  tied  to  a  fixed  areal  boundary. 
This  would  be  an  advantage  in  the  continuing  phase  of  the 
transportation  study  as  the  size  and  shape  of  the  area 


change.   This  greater  flexibility  in  application  would  also 
allow  the  analyst  to  use  data  from  other  public  records 
(e.g.  census  data)  which  are  summarized  in  areal  units  which 
do  not  conform  to  the  boundary  scheme  of  the  transportation 
study. 

Finally,  analysis  of  travel  characteristics  at  the 
behavioral  level  of  analysis  is  also  important  for  developing 
an  understanding  of  travel  decisions  which  enter  in  the 
other  phases  of  the  urban  transportation  planning  process. 
The  disaggregate  analysis  unit  provides  a  basis  for  in- 
ferring values  that  the  individual  places  on  the  various 
characteristics  of  the  transportation  system.   The  individu- 
al's choice  may  be  based  on  factors  other  than  those  which 
can  be  conveniently  measured  in  the  aggregate  models.   For 
example,  mode  choice  models  are  based  on  some  combination 
of  socioeconomic  characteristics  such  as  income  and  auto 
ownership;  service  characteristics  of  the  transportation 
system  such  as  cost  or  time  ratios  of  alternate  modes;  and/ 
or  characteristics  of  the  trip  itself,  such  as  trip  purpose 
stratifications  for  work  and  non  work  trips.   These  models 
are  almost  always  less  than  adequate  for  determining  the 
actual  modal  split;  but  perhaps  of  greater  significance  is 
that  they  alone  do  not  provide  the  planner  with  information 
which  would  reflect  changes  in  facility  usage  due  to  changes 
in  the  characteristics  of  the  system.   This  is  true  because 
the  models  only  simulate  habits  which  exist  under  the 
present  operating  system,  and  are  not  directed  towards  the 
general  system  factors  which  may  be  perceived  to  be  more 
important  to  the  individual.   Recent  research  has  been 
directed  towards  the  evaluation  of  attitudes  and  perceptions 
of  the  trip  maker  to  determine  the  importance  of  several 
factors  such  as  cost,  comfort,  reliability,  congestion, 
level  of  service,  and  convenience  to  the  trip  maker.   These 
research  efforts  have  attempted  to  define  a  set  of  variables 


which  can  be  quantified  to  express  the  importance  of  factors 
which  are  not  necessarily  related  to  a  specific  mode  or 
route  selection,  but  are  adaptable  to  the  general  decision 
process  (7,  31,  32).   Such  knowledge  of  system  characteristics 
provides  the  planner  with  more  viable  data  for  evaluating 
the  present  system  and  introducing  new  concepts  in  design 
or  operation.   There  is  a  need  to  continue  this  research 
and  to  extend  beyond  consideration  of  mode  and  route  choice 
decision  variables  to  include  consideration  of  spatial 
distribution  so  that  one  can  combine  the  "where"  dimension 
with  the  "how"  and  the  "why." 

Research  Objectives 

The  purpose  of  this  study  is  to  attain  a  better  under- 
standing of  travel  behavior  by  evaluating  travel  relation- 
ships at  a  disaggregate,  behavioral  level  of  analysis.   The 
household  is  taken  as  the  basic  decision  making  unit  for 
evaluating  travel  behavior.   Housing  needs  and  auto  owner- 
ship levels  are  determined  by  the  household  as  a  unit.   Al- 
though some  travel  decisions  certainly  are  individual  in 
nature,  the  household  unit  has  travel  demands  which  are  also 
common  in  nature;  satisfaction  of  the  households'  travel 
needs  extends  beyond  the  needs  of  a  particular  individual. 

In  this  research  a  quasi-laboratory  experimental  design 
has  been  established  to  study  changes  in  household  socio- 
economic characteristics  and  travel  behavior  over  time.   To 
evaluate  possible  changes,  a  sample  of  357  households  was 
selected  from  the  original  list  of  households  interviewed 
in  the  1964  Indianapolis,  Indiana  Transportation  Study.   A 
second  home  interview  of  these  same  families,  was  conducted 
in  19  71  to  provide  data  in  another  time  frame.   This  unique 
sampling  procedure  allowed  a  high  degree  of  control  of  the 
analysis  units  and  allowed  an  evaluation  of  the  stability  of 
relationships  over  a  seven  year  period.   In  particular,  the 
sample  was  selected  to  include  all  possible  combinations  of 


family  size,  auto  ownership  and  income  levels.   This 
simultaneously  provided  a  wide  range  of  other  characteristics 
such  as  occupational  status,  education  levels,  and  place 
of  residence  in  the  urban  area.   It  was  possible,  however, 
to  control  some  of  the  confounding  influences  from  other 
sources.   Recognizing  that  two  families  of  similar  size  and 
with  similar  socioeconomic  characteristics  may  have  dif- 
fering travel  behavior  due  to  differences  in  social  or 
psychological  attitudes,  only  those  households  were  reinter- 
viewed  in  which  the  same  family  which  resided  at  the  dwell- 
ing unit  in  1964  was  still  living  at  that  address  in  1971. 
Further,  the  travel  variation  which  might  be  a  function  of 
the  type  of  dwelling  unit  in  which  the  family  resides,  was 
controlled  by  interviewing  only  residents  living  in  single 
family  dwelling  units. 

Home  based  trip  generation  models  are  given  prime  con- 
sideration.  The  objective  is  to  study  relationships  at 
the  disaggregate  analysis  level  to  determine  the  stability 
of  these  relationships  over  time.   It  is  hypothesized  that 
relationships  exhibited  at  the  household  level  of  analysis 
will  be  causally  related  to  the  system  being  modelled  and 
that  these  relationships  will  remain  more  stable.   The 
stability  of  household  models  is  evaluated  by  comparing  the 
model  parameters  developed  from  data  for  the  two  time 
periods . 

In  addition,  the  ability  of  household  equations  to 
estimate     aggregate  trip  production  necessary  for  other 
modeling  stages  used  in  current  planning  methodology  is 
evaluated.   The  zonal  estimates  from  the  household  models 
are  compared  with  the  estimates  obtained  from  the  aggregated 
model  formulations  used  in  the  1964  Indianapolis  Regional 
Transportation  and  Development  Study  (IRTADS) .   In  this 
portion  of  the  research  the  household  models  are  confined 
to  the  consideration  of  the  same  variables  as  were  used  by 
IRTADS.   The  limits  of  successful  use  of  behavioral  models 


is  not  fully  established,  however,  by  the  ability  of  the 
models  to  obtain  zonal  trip  estimates.   The  behavioral  models 
can  be  extended  to  obtain  more  complete  knowledge  of  travel 
behavior  by  evaluating  other  variables  which  may  have  causal 
significance,  even  though  these  variables  would  be  difficult 
to  forecast  and  incorporate  in  an  operational  model.   These 
variables  include  occupational  and  family  life  cycle  variables 

A  second  major  objective  of  this  research  is  to  examine 
the  structure  of  interdependencies  among  the  socioeconomic 
variables  which  are  important  to  the  estimation  of  trip  pro- 
duction.  Although  the  planner  has  generally  confined  the 
analysis  of  estimation  models  to  the  direct  contribution  of 
each  of  the  independent  variables  on  the  dependent  variable, 
there  is  also  a  need  to  understand  the  interrelationships 
among  the  independent  variables  since  changes  in  these  vari- 
ables may  ultimately  affect  the  dependent  variable.   A  sys- 
tematic evaluation  tool  known  as  a  structural  or  causal  model 
is  used  to  evaluate  the  contributing  effects  of  each  of  the 
variables  in  the  hypothesized  structure.   The  technique  pro- 
vides a  means  of  separating  the  direct  contribution  of  each 
of  the  variables  from  the  indirect  contributions  which  occur 
due  to  correlations  with  other  independent  variables  in  the 
causal  structure. 

The  third  major  objective  is  to  examine  individual's 
attitudes  and  perceptions  which  are  important  to  decisions 
of  mode  and  route  choice  and  selection  of  trip  destination. 
Travel  is  viewed  as  a  form  of  human  behavior  to  which  socio- 
logical and  psychological  principles  may  be  applied.   Psycho- 
metric analysis  techniques  are  used  to  examine  individual's 
ratings  of  system  characteristics.   Analysis  of  individual 
attitudes  can  provide  the  planner  with  information  which  can 
not  be  attained  at  an  aggregate  analysis  level,  but  may  have 
greater  causal  significance  and  be  more  responsive  to  system 
evaluation. 
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The  route  and  mode  choice  attributes  evaluated  in  this 
research  have  been  identified  in  other  previous  research 
(31,  38).   The  objectives  here  are  to  evaluate  the  con- 
sistency of  importance  ratings  for  study  populations  exposed 

to  different  transportation  operating  characteristics  and 
different  socioeconomic  background.   The  ultimate  goal  is 
to  provide  information  which  will  allow  the  planner  to 
develop  models  and  operational  facilities  which  are  respon- 
sive to  the  needs  and  desires  of  the  trip  maker. 

A  second  set  of  attributes  is  used  to  define  further 
the  importance  of  variables  which  are  considered  in  the 
selection  of  trip  destinations.  These  spatial  distribution 
variables  are  related  only  to  the  shopping  trip  purpose. 
The  objective  is  to  obtain  comparative  measures  of  indi- 
viduals' perceived  importance  of  transportation  related 
characteristics  such  as  travel  time,  costs,  or  parking 
availability  and  consumer  related  characteristics  such  as 
goods  selection  and  service  provided  at  potential  shopping 
destinations.   Data  collected  in  this  portion  of  the  home 
interview  can  be  used  to  verify  existing  assumptions  used  in 
distribution  models  or  suggest  alternate  approaches  which 
would  be  more  closely  allied  with  individuals'  perceptions 
of  the  important  characteristics  in  selecting  a  destination. 

Organization 

In  Chapter  2  the  concepts  for  developing  trip  gener- 
ation models  are  reviewed.   In  addition,  causal  modeling 
techniques  and  attitudinal  research,  as  it  pertains  to  this 
research,  are  discussed.   The  study  design  is  presented  in 
Chapter  3. 

In  Chapter  4  attitude  scaling  techniques  are  used  to 
determine  the  importance  of  system  attributes  in  the  choice 
of  trip  destination,  mode   of  travel  or  route  of  travel. 
In  the  remaining  chapters  the  research  focuses  on  the 
evaluation  of  household  socioeconomic  characteristics  and 
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travel  behavior.   The  household  trip  production  models  for 
evaluating  parameter  stability  and  forecasting  ability  are 
presented  in  Chapter  5.   The  strength  and  weaknesses  of  the 
household  model  are  also  discussed.   Chapter  6  considers 
the  more  general  models  and  evaluates  alternative  variable 
inputs  which  could  be  used  in  the  household  models.   Finally, 
the  method  of  structural  model  analysis  is  used  to  evaluate 
interdependencies  among  the  household  socioeconomic  variables 
and  trip  production. 
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CHAPTER  2.   MODELING  CONCEPTS  FOR  EVALUATING 
TRAVEL  BEHAVIOR 

Aggregate  Modeling  Procedures  and  Assumptions 
The  models  which  have  become  known  as  the  Urban  Trans- 
portation Planning  Models  (UTP)  are  based  on  aggregated  rela- 
tionships.  The  complex  decision  process  of  travel  behavior  is 
conveniently  modeled  in  four  stages,  i.e.,  trip  generation, 
trip  distribution,  modal  split  and  trip  assignment.   The  vari- 
ables used  and  the  parameters  which  are  developed  in  calibra- 
tion of  the  models  are  those  which  describe  the  habits  of  peo- 
ple as  exhibited  by  the  data  from  which  the  model  was  derived. 
The  procedure  allows  that,  where  discrepancies  exist  at  any 
individual  stage  of  the  modeling  process,  adjustments  can 
be  made  to  force  the  predicted  results  in  the  direction  of 
the  observed  data  bqfore  proceeding  to  the  next  phase. 
Once  the  models  have  satisfied  the  criteria  for  reproducing 
the  present  conditions,  forecasts  are  made  of  future  con- 
ditions using  the  assumption  that  the  gross  relationships 
which  have  been  found  are  the  true  causal  relationships  and 
that  the  parameters  will  remain  stable  over  time. 

The  conventional  modeling  approach  has  several  short- 
comings which  are  due  to  assumptions  used  in  the  models.   In 
this  section  the  limitations  of  the  aggregate  model  trip 
generation  equations  are  discussed. 

Zonal  Homogeneity 
Review  of  the  assumptions  aas  shown  that  the  zonal 
means  are  not  adequately  representative  of  the  individual 
units,  and  the  basis  of  aggregation  does  not  result  in 
homogeneous  units  of  analysis  (10,  25).   Moreover,  the  model 
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parameters  developed  from  the  aggregated  units  are  a 
function  of  the  unit  size. 

The  degree  to  which  an  average  value  in  a  zone  can  be 
expected  to  describe  the  units  is  dependent  upon  the  sample 
size  and  the  amount  of  variation  which  exists  within  the 
zone.   A  basic  premise  in  establishing  zones  is  that  the 
units  within  the  zone  are  of  like  characteristics  and  the 
variation  of  units  within  the  zone  would  be  less  than  the 
variation  which  would  occur  if  all  units  were  taken  to- 
gether.  McCarthy  tested  this  assumption  and  concluded  that 
the  zone  sample  mean  is  not  representative  of  all  households 
in  the  zone  (25) .   The  reasons  for  inadequate  representivity 
are  that 

a)  zone  sampling  distributions  are  skewed  rather 
than  normal  so  the  sample  mean  is  not  the 
central  value;  and 

b)  considerable  heterogeneity  exists  within  zones 
with  respect  to  household  travel  characteristics 
and  socioeconomic  traits. 

Separation  of  Variation 
Fleet  and  Robertson  concentrated  on  the  effects  of 
loss  of  information  due  to  aggregation  and  how  this  ag- 
gregation can  lead  the  analyst  into  spurious  confidence  in 
the  results  of  his  trip  production  model  (10). 

Using  unexpanded  dwelling  unit  data,  an  analysis  of 
variance  was  conducted  to  break  the  total  sum  of  squares  of 
the  dependent  variable  into  its  component  parts.   The 
total  sum  of  squared  deviations  from  the  mean  was  partitioned 
into  a  between  groups  sum  of  squares  which  represents 
variation  existing  between  zones;  and  a  within  groups  sum 
of  squares  which  represents  variation  within  the  zone. 
Mathematically,  the  total  sum  of  squares  is  expressed  by 
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where 


k    n. 
TSS   =    I         I       (X..  -  X)2 
j=l  i=l 


X. .   =  the  ith  observation  on  some  variable  (X) 
ID 

taken  in  the  jth  zone; 

X    =  the  grand  mean  of  X 

k    n 

E    v   X 


X 


j=l  i=l   ^ 


N 

N     =  the  grand  total  number  of  observations  = 

k 

£   n  .  ; 
j=l  3 

n.    =  total  number  of  observations  in  the  jth  zone; 

and 

k    =  number  of  zones 

The  sum  of  squares  between  zones  (BSS)  is  the  sum  of  squared 

deviations  between  the  group  means  and  the  grand  mean.   The 

within  group  sum  of  squares  (WSS)  is  the  sum  of  the  squared 

deviations  among  observations  within  the  zone  and  the  mean 

of  that  zone.   Mathematically  this  can  be  expressed  as: 

k  k    n. 

TSS  =  I      n.  (X.  -  X2)  +  I         I  (X..  -  X.)2 

j=l  j  =  l  i=l 

(BSS)  (WSS) 

Table  2.1  shows  the  portions  of  the  total  sum  of  squares  for 
total  trips  which  is  within  the  analysis  unit  and  the  portion 
that  is  between  analysis  units.   The  table  is  based  on  data 
from  Madison,  Wisconsin  (10).   As  the  areal  unit  of  aggregation 
becomes  larger  the  between  group  sum  of  squares  becomes 
smaller.   This  is  particularly  important  because  it  is  the 
between  groups  variation  which  is  being  explained  when  re- 
gression analysis  is  used  to  develop  generation  models. 
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Since  there  is  considerably  less  variation  to  explain  in  the 
model,  the  relationship  appears  stronger  at  the  higher  levels 
of  aggregations . 

Grouping  of  the  data  into  area  units  may  also  result 
in  specification  errors  in  the  model  parameters .   Robinson 
and  others  have  shown  that  because  of  the  differences  in  cor- 
relation which  occur  for  different  levels  of  aggregation,  the 
parameters  estimated  for  the  aggregate  models  may  not  repre- 
sent the  true  effects  of  variables  in  the  models  (10,30,33). 
This  has  particularly  important  implications  when  models, 
which  are  calibrated  with  existing  data,  are  used  to  project 
future  traffic  flows.   For  example,  in  trip  generation  analy- 
sis, projection  of  future  trips  will  be  biased  by  the  differ- 
ences between  the  calibrated  parameter  and  the  true  parameter 
which  would  have  been  estimated  at  a  more  behavioral  level 
of  analysis. 

Explicit  Demand  Models 

Inconsistencies  which  are  derived  from  the  modeling  ap- 
proach used  in  the  standard  urban  transportation  planning 
models  have  provided  the  thrust  for  investigation  of  new  model 
formulations.   Two  major  criticisms  of  the  conventional  ap- 
proach are  that:   (a)  inconsistencies  arise  because  the  trans- 
portation system  itself  is  not  explicitly  allowed  to  affect 
all  stages  of  the  model  development;  and  (b)  travel  choices 
are  highly  interrelated  and  the  segmented  phases  of  tradi- 
tional models  do  not  adequately  represent  the  continuous  na- 
ture of  consumers'  choice. 

Explicit  demand  models  which  combine  the  functions  of 
generation,  distribution,  modal  split  and  route  assignment 
have  been  formulated  in  attempts  to  develop  a  theory  of  con- 
sumer travel  demand.   Although  the  research  in  this  disserta- 
tion is  not  oriented  toward  development  of  explicit  models, 
the  approach  is  consistent  with  the  concept  of  obtaining  an 
understanding  of  the  interrelationships  of  individual  choice. 
The  topic  will  therefore  be  briefly  reviewed. 
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Other  researchers  have  pointed  out  that  the  most 
important  aspect  of  criticism  (a)  above,  occurs  in  formul- 
ation of  trip  generation  models  (7,  23,  28).  Traditional 
trip  generation  models  imply  that  the  number  of  trips 
generated  is  independent  of  level  of  service  provided  by 
the  system.   That  is,  while  travel  cost  or  time,  or  parking 
costs  may  affect  modal  split,  it  is  assumed  that  changes 
in  any  of  these  conditions  will  not  affect  the  total 
number  of  trips  made. 

Nakkash  investigated  trip  generation  formulations 
which  recognized  that  the  trips  produced  from,  or  attracted 
to  an  area  may,  indeed,  be  related  to  the  relative  ac- 
cessibility of  that  area  to  other  activity  centers  being 
considered  (28) .   A  total  equilibrium  model  was  not  for- 
mulated, but  interchange  between  different  models  was 
developed  through  the  definition  of  accessibility  variables 
used  in  trip  generation  models. 

Relative  accessibility  variables  were  determined  from 
the  friction  factors  of  the  calibrated  gravity  model  trip 
distribution  models.   The  friction  factors  are  a  function 
of  travel  time  and  trip  purpose.   The  relative  access- 
ibility of  a  zone  was  determined  from  the  relationship: 

A . 
ra  ik(M   =  — lk(£) *    100 

J-^ikU) 

where  RAj^/jk  =  relative  accessibility  of  zone  i  to  activity 

k  for  purpose  £; 

i  =  zone  under  consideration; 

j  =  any  zone  in  study  area  including  zone  i ; 

k  =  activity  under  consideration; 

SL    =    trip  purpose; 

Aik(£)  ~  accessibility  of  zone  i  to  activity  k  for 

purpose  I ;    where 

Aik«)  .  |=iSjkF.ju) 


S.,  =  size  of  activity  k  in  zone  j; 
jk 

F. .,„,  =  friction  factor  corresponding  to  travel  time 

i]  U) 

from  zone  i  to  zone  j  for  purpose  £. 

The  hypothesis  of  the  model  is  that  the  number  of 
trips  produced  in  a  zone  or  attracted  to  a  zone  is  a  function 
of  the  relative  ease  in  overcoming  space  between  that  zone 
and  all  other  zones. 

Nakkash  developed  zonal  total  trip  generation  models 
using  accessibility  variables  for  the  Indianapolis  trans- 
portation study  area.    Although  accessibility  variables 
did  not  appear  to  aid  prediction  for  all  trip  purposes,  the 
basic  hypothesis  was  substantiated.   In  particular,  accessi- 
bility measures  were  most  significant  in  trip  attraction 

equations . 

Other  researchers  have  attempted  to  formulate  ag- 
gregate equilibrium  models  based  on  economic  theory  which 
would  incorporate  the  traditional  four  phases  of  the  Urban 
Transportation  Planning  process  into  a  single  equilibrium 
model  (7,  23,  32) .   These  formulations  have  the  general 
form; 

ocl  oc  9         cc3         <*4         aS 

T.  .,     =<*      A.    A.         S.S.L.,;    where 
ljk  o       l       j  1  j  XJK 

T. .,   is  an  estimate  of  travel  between  nodes  i  and  j 
ljk 

by  mode  k; 

A., A.  are  measures  of  activity  of  the  nodes; 

ID 
S..S.  could  be  socioeconomic  descriptors  at  each  node; 

ID 

L.  ..   is  a  measure  of  level  of  service  between  the 
13k 

zones;  i  and  j  by  mode  k;  and  the 

tt's    are  parameters  of  the  model. 

Any  of  the  variables  may  be  a  vector  of  factors  which 
are  related  to  the  travel  choice. 

Manheim  has  summarized  the  importance  and  the  com- 
plexities in  developing  these  models  and  has  presented  his 
own  general  model  for  deriving  equilibrium  flows  (23) . 
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Since  this  research  is  primarily  concerned  with  dis- 
aggregate, behavioral  level  analysis,  the  remainder  of  the 
chapter  will  concentrate  on  research  efforts  which  have 
evaluated  travel  relationships  at  this  level. 

Disaggregate  Trip  Generation  Analysis 
In  an  effort  to  understand  the  relationships  which 
exist  at  the  household  level  of  analysis,  some  researchers 
have  analyzed  the  disaggregate  data  from  available  origin 
and  destination  studies.   Oi  and  Shuldiner  were  perhaps  the 
first  to  expose  the  fallacies  of  using  aggregated  data  to 
produce  estimates  of  urban  travel  (30) .   Their  research 
broached  the  question  of  validity  of  established  approaches 
and  started  the  efforts  for  examining  relationships  which 
were  meaningful  at  the  household  level  of  analysis.   They 
found  the  two  dominant  explanatory  factors  to  be  household 
size  and  auto  ownership.   Of  these,  auto  ownership  was  most 
important.   The  type  of  dwelling  unit  and  the  distance  to 
the  Central  Business   District  had  only  negligible  effects 
on  trip  rates.   Income  and  occupation  exhibited  statistical- 
ly significant  associations,  even  when  family  size  and  autos 
were  held  constant,  but  their  contribution  to  the  response 
variable  was  negligible  compared  to  family  size  and  auto 
ownership. 

A  nationwide  study  of  30  cities  conducted  by  the 
Survey  Research  Center  of  the  University  of  Michigan  also 
found  family  size  and  auto  ownership  to  be  the  most 
important  variables  related  to  urban  travel  (21,  36).   In 
addition,  household  trip  production  was  sensitive  to 
income,  stage  in  the  family  life  cycle,  occupation  of  the 
head  of  household  and  density  of  the  neighborhood. 

Several  researchers  have  statistically  compared  the 
results  of  trip  generation  equations  based  on  zonal  totals 
or  zonal  averages  with  models  based  on  unaggregated  house- 
hold data  (8,  10,  19,  25).   Table  2.2  shows  comparable 
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statistics  presented  by  Kassoff  and  Deutschman  (19).  The 
statistical  reliability  of  the  household  equation  appears 
to  be  considerably  lower  than  the  zonal  model  when  judged 

by  the  percent  of  the  variation  explained  in  regression 

2 
analysis  (R  ),  and  the  percent  standard  error.   However, 

it  must  be  recalled  that  this  model  attempts  to  explain 

all  of  the  variation  in  the  data;  the  zonal  model  explains 

only  the  variation  which  exists  between  zones.   After 

expansion  of  the  household  equation  to  estimate  total 

area  travel,  it  was  noted  that  the  dwelling  unit  equation 

was  comparable  to  the  zonal  equation. 

Fleet  and  Robertson  noted  that  by  analyzing  the  survey 

data  before  aggregation  the  analyst  uses  the  data  more 

completely  to  indicate  the  basic  travel  relationships  (10). 

The  benefits  to  be  gained  from  the  disaggregate  analysis 

approach  may  best  be  summarized  by  the  statement  from 

their  research: 

In  addition  to  allowing  a  more  complete  descrip- 
tion of  travel  from  the  basic  trip  making  unit 
(the  household)  as  well  as  the  relationship  being 
more  likely  to  remain  stable  over  time,  much  more 
effective  use  is  made  of  the  sample  data  and  thus 
the  possibility  exists  in  using  small  sample  inter- 
views as  a  means  for  updating  in  transportation 
studies . 

Structural  Models 
The  general  availability  of  multiple  linear  regres- 
sion computer  programs  has  made  this  approach  to  model 
development  very  popular  in  operational  studies.   The  user 
can  handle  large  quantities  of  data  and  develop  models 
with  apparent  statistical  reliability  without  fully  under- 
standing the  procedure  or  the  assumptions  of  the  regres- 
sion model.   The  resultant  variables  and  parameter  es- 
timates are  often  accepted  for  the  final  model  without 
further  concern  for  the  nature  of  relationships  which  are 
developed. 
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In  this  section  it  is  not  intended  to  argue  about  the 
degree  to  which  the  assumptions  of  regression  are  met,  but 
rather  to  point  out  that  the  method  does  not  allow  the 
analyst  to  evaluate  and  describe  all  the  interrelationships 
which  occur  among  the  independent  and  dependent  variables. 
A  complementary  analysis  technique  is  suggested  to  further 
examine  variable  relationships  in  the  models.   The  analysis 
approach  discussed  has  alternatively  been  referred  to  as 
causal  models,  structural  models,  path  models  and/or  re- 
cursive models.   In  this  section  the  model  will  be  referred 
to  as  a  structural  model. 

A  structural  model  is  a  system  of  equations  which  al- 
lows the  analyst  to  more  fully  evaluate  the  interrelation- 
ships which  occur  in  a  system  of  variables.   To  be  sure, 
multiple  regression  analysis  allows  the  analyst  to  observe 
the  effects  of  several  independent  variables,  either  alone 
or  in  combinations,  but  this  is  possible  only  for  the 
relationship  with  the  response  variable  under  immediate 
consideration.   Although  cross-product  terms  of  selected 
independent  variables  may  be  included  to  show  the  effects 
of  interaction  among  the  independent  variables,  it  is  still 
not  possible  to  evaluate  the  nature  of  this  interaction, 
nor  the  relative  contribution  of  the  component  parts.   The 
structural  model,  on  the  other  hand,  seeks  a  set  of  equations 
which  outlines  the  causal  priorities  of  the  variables  and 
permits  predictions  of  how  a  change  in  any  one  variable  in 
the  system  affects  the  value  of  other  intermediate  variables 
in  the  system  as  well  as  the  ultimate  dependent  variable 
of  interest. 

Examination  of  the  components  of  a  trip  generation 
model  may  be  cited  as  an  example  where  it  may  be  desireable 
to  evaluate  the  relationships  among  a  set  of  variables. 
A  typical  trip  generation  model  may  use  auto  ownership  and 
average  family  size  to  forecast  home  based  trip  production. 


23 


However,  before  auto  ownership  can  be  used,  a  forecast  of 
this  variable  must  be  made.   In  this  second  model,  average 
family  size  and  income  might  be  used  to  forecast  auto  owner- 
ship.  The  two  separate  models  do  not  allow  examination  of 
the  entire  structure  of  the  relationships  which  exist 
between  family  size,  income,  auto  ownership  and  trip  pro- 
duction.  The  structural  model  is  suggested  as  an  analysis 
method  to  determine  the  direct  effect  of  income  on  trip 
production  as  well  as  the  indirect  influence  due  to  the 
effect   which  income  has  on  auto  ownership  rates. 

Structural  Model  Development  and  Application 
Pioneer  work  in  the  analysis  of  path  coefficients 
which  are  the  parameters  of  a  structural  model  was  done 
by  Wright  in  the  area  of  genetics  (45,  46) .   Blalock, 
drawing  upon  the  writings  of  Simon  and  Wold,  provided  the 
major  thrust  for  the  study  of  causal  inferences  in  the 
non-experimental  research  of  the  social  sciences  (1,  35,  43). 
Duncan,  Land,  and  Heise  further  described  their  work  using 
causal  models  and  made  contributions  to  the  study  of 
causal  models  by  outlining  systematic  approaches  for  inter- 
pretation of  the  model  (9,  13,  20). 

Analysis  of  structural  models  has  also  received  at- 
tention in  the  development  of  transportation  forecast 
models.   Kain  used  a  system  of  recursive  equations  to 
evaluate  the  interrelationships  between  variables  which 
affect  the  length  of  work  trip  (18) .   He  hypothesized  a 
four  stage  recursive  model  in  which  the  decision  process 
was  such  that  the  worker  first  selects  an  environment  in 
which  he  wishes  to  live  (space  preference) .   This  choice 
may  be  shaped  by  such  factors  as  sex,  income,  and  housing 
prices.   The  first  decision  will  then  affect  the  choice 
of  auto  ownership,  which  in  turn  has  an  affect  on  the 
choice  of  mode  of  travel.   Finally,  all  three  of  these 
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affect  the  length  of  the  work  trip.   In  any  of  these  equa- 
tions  additional  varxables  such  as  sex,  age,  income  and 
housing  price  may  contribute  to  the  explanation  of  variation 
in  the  dependent  variables,  however,  these  variables  were 
taken  to  be  exogenous  to  the  system  and  no  attempt  was 
made  to  define  the  interrelationships  between  exogenous 
variables . 

The  model  developed  by  Kain  is  similar  in  concept  to 
an  explicit  demand  model  in  which  the  decision  process  is 
formulated  in  a  single  model  rather  than  a  series  of  models. 
The  model  in  this  form  allows  the  analyst  to  make  evalua- 
tions of  direct  and  indirect  effects  on  the  decision 
variables  in  the  model.   The  major  advantage  of  this  formu- 
lation is  that  all  effects  can  be  evaluated.   If  relation- 
ships are  found  to  be  only  spurious  in  nature  because  of 
correlations  with  other  variables,  the  variables  may  be 
considered  to  not  have  direct  causal  linkages  with  the 
dependent  variable. 

Limitations 

Analysis  of  a  structural  model  can  be  applied  only  to 
sets  of  relationships  which  are  linear,  additive  and  causal. 
The  parameters  of  the  model  are  usually  developed  using 
regression  techniques,  and  so  the  analysis  is  confined  to 
the  data  which  meet  the  assumptions  for  regression. 

It  is  recognized  that  the  theory  of  causal  structures 
may  be  applied  and  quite  different  causal  models  could  be 
evolved  from  the  same  set  of  data.   The  different  models 
could  predict  basically  the  same  empirical  relationships 
among  the  correlation  coefficients.   This  means  that  the 
correctness  of  any  given  model  cannot   usually  be  established 
until  other  models  have  been  eliminated,  either  theoretical- 
ly or  on  empirical  grounds  (e.g.,  a  knowledge  of  time 
sequence) .   However,  the  method  can  be  used  as  an  exploratory 
tool  through  which  one  notes  those  instances  where  theory 
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fails  to  predict  correctly,  making  successive  changes  until 
more  adequate  predictions  have  been  obtained. 

It  has  previously  been  noted  that  if  one  develops 
models  and  parameter  estimates  for  variables  which  are 
causally  related  to  the  response  variable,  the  relationships 
will  tend  to  be  more  stable  over  time.   A  check  on  the 
correctness,  or  at  least  the  stability  of  the  causal  model 
parameters  can  be  obtained  in  this  research  by  comparing 
the  models  with  data  sets  from  two  points  in  time. 

Individual  Perceptions  of  Travel  Decisions 
Urban  travel  models  have  been  developed  by  fitting 
observed  socioeconomic  and  urban  development  character- 
istics to  the  travel  behavior  exhibited  by  individuals  op- 
erating within  the  constraints  of  the  existing  transportation 
system.   The  models  which  are  developed  strictly  on  the 
basis  of  simulating  present  conditions  may  not  provide  the 
analyst  with  a  sensitive  model  which  would  indicate 
changes  in  travel  due  to  changes  in  urban  structure,  social 
structure  or  changes  in  the  transportation  itself.   From 
the  planner's  viewpoint,  it  is  important  to  know  how  changes 
in  policies  such  as  parking  price  policies,  transit  service 
levels,  street  congestion,  etc.,  will  affect  the  consumers 
travel  decisions.   Only  recently  have  research  efforts  been 
directed  towards  consumer  satisfaction  or  dissatisfaction 
with  the  transportation  system  (21,  26,  27,  31,  40). 

Attitude  Research 
In  this  dissertation,  the  study  of  individual's  per- 
ception of  factors  important  in  travel  choice  is  directed 
to  mode  and  route  choice  preferences  and  to  factors  im- 
portant in  selection  of  a  trip  destination.   The  author 
did  not  attempt  to  formulate  an  original  pool  of  possible 
factors  which  would  be  important  in  the  choice  of  route  or 
choice  of  mode.   Instead,  the  reported  results  from  other 
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research  were  used  as  a  basis  for  selecting  the  travel 
choice  descriptors  analyzed  in  this  study  (31,  40) .   These 
research  efforts  are  briefly  reviewed  here. 

Researchers  at  the  Maryland  University  were  specifical- 
ly concerned  with  attitudes  related  to  choice  of  mode  (29, 
31).   The  objectives  of  their  research  were: 

1)  to  identify  and  assess  the  importance  of  attributes 
of  an  ideal  transport  system  as  conceived  by  the 
consumer;  and 

2)  to  determine  the  extent  to  which  consumers  consider 
existing  systems  to  satisfy  this  ideal. 

The  researchers  developed  an  exhaustive  pool  of  factors 
thought  to  be  important  in  modal   choice  decisions.   Pilot 
studies  were  conducted  in  Baltimore,  Maryland  and  Phila- 
delphia, Pennsylvania.   Factor  analysis  was  used  to 
identify  the  important  attitude  groupings.   Some  of  the 

principal  factors  indentified  were  reliability,  travel  time, 
convenience,  protection  from  the  weather,  cost,  condition 
of  the  vehicle,  familiarity,  congestion  and  self  esteem. 
They  reported  little  difference  in  the  structure  of  the 
factor  matrix  for  work  and  non-work  trips;  however, 
absolute  differences  in  importance  of  the  factors  was  ap- 
parent across  trip  types. 

Wachs  used  an  attitude  scaling  technique  to  evaluate 
route  choice  preferences  for  three  trip  purposes:   work, 
shopping  and  trips  to  visit  friends  (33) .   Respondents  for 
that  study  were  residents  of  Evanston,  Illinois;  an  upper- 
middle  class  suburb  of  Chicago.   Factor  analysis  was  used 
to  identify  seven  attitudinal  factors  which  explained  67 
percent  of  the  variation  in  a  list  of  21  original  variables. 
The  factors,  in  order  of  important  for  explaining  route 
choice  preferences,  were  preferences  for:   1)  access  con- 
trolled routes,  2)  less  congestion  and  strain,  3)  safety, 
4)  the  shortest  route,  5)  commercial  development  along  a 
route,  6)  pleasant  scenery  and  7)  absence  of  commercial 
development. 
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Wachs  concluded  that  differences  in  attitudes  existed 
for  different  subgroups  of  the  population  and  that  people 
tended  to  select  routes  which  possess  the  characteristics 
which  were  preferred.   Also  he  noted  that  the  degree  of 
importance  of  the  factors  did  not  vary  greatly  for  different 
trip  purposes. 


CHAPTER  3.   STUDY  DESIGN 

The  data  used  in  this  research  were  obtained  from 
home-interview  surveys  in  Indianapolis,  Indiana.   This 
metropolitan  area  of  300,000  population  had  conducted  a 
basic  transportation  study  with  home  interview  data  col- 
lection taking  place  during  the  fall  of  1964.   This  data 
set  was  taken  as  the  base  year  for  the  present  study. 

The  Indianapolis  Regional  Transportation  and  Develop- 
ment Study  (IRTADS)  was  a  typical  example  of  the  traditional 
transportation  study.   A  five  percent  sample  of  households 
was  selected  for  the  home-interview  portion  of  the  study. 
A  total  of  10,532  interview  forms  were  completed.   The 
interview  data  were  aggregated  into  the  395  zones  defined 
for  the  study  area  and  factored  to  represent  total  volumes 
for  the  area. 

The  trip  generation  modeling  formulations  were  based 
on  the  zonal  totals  concept.   A  total  of  19  equations  were 
developed  for  home  based  and  non-home  based  productions  and 
attractions  as  stratified  by  four  different  trip  purposes 
(16) .   Generally,  the  purpose  stratifications  were  work, 
shop,  school,  and  other  trip  purposes. 

The  gravity  model  was  used  for  trip  distributions  and 
the  final  modal  split  models  were  basically  diversion 
curves  based  on  relative  highway  and  transit  travel  times. 
Trip  assignment  was  conducted  using  the  standard  package 
of  programs  developed  by  the  Federal  Highway  Administration. 
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Analysis  Variables 
A  basic  hypothesis  of  this  research  is  that  the 
relationships  which  exist  between  the  socioeconomic  and 
demographic  variables  and  the  travel  patterns  at  the  house- 
hold level  of  analysis,  will  have  greater  causal  significance 
and  will  tend  to  be  more  stable  over  time  than  the  aggregate 
model  analysis.   The  objectives  are  to  study  the  variables 
which  are  significantly  related  to  the  travel  habits  and 
attempt  to  statistically  evaluate  the  changes  in  travel  as 
changes  occur  in  the  independent  variables.   To  evaluate 
these  relationships,  a  sample  of  households  was  selected 
from  the  1964  IRTADS  dwelling  unit  sample  list  to  be  re- 
interviewed  in  1971. 

Earlier  research  has  suggested  several  variables  of 
interest  which  could  be  evaluated  at  the  household  level 
of  analysis.   These  include  family  size,  auto  ownership, 
stage  in  family  life  cycle,  occupational  status,  income, 
dwelling  unit  type  and  location  within  the  urban  structure. 
For  the  purpose  of  this  study,  it  would  have  been  desireable 
to  obtain  data  simultaneously  on  all  levels  of  all  important 
variables  and  to  evaluate  the  effects  of  any  one  variable 
while  controlling  for  all  variables  in  the  experimental 
design.   However,  if  one  were  to  establish  a  multi-variable 
design  of  this  nature  with  say,  just  three  levels  of  the 
seven  variables  mentioned,  over  twelve  hundred  households 
would  have  to  be  sampled  to  obtain  one  observation  for  each 
of  the  treatment  combinations.   Of  course,  considering  the 
variability  of  the  data,  one  observation  would  be  insuf- 
ficient to  establish  a  meaningful  average  value  for  a 
subgroup. 

In  this  study  it  was  decided  to  select  a  sample  which 
would  as  far  as  possible,  represent  all  levels  of  three 
principal  socioeconomic  variables;  family  size,  auto  owner- 
ship and  income.   The  other  variables  not  specifically  con- 
trolled in  the  experimental  design  will  generally  influence 
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the  response  variable  and  add  confounding  effects  in  the 
analysis  of  the  primary  variables  being  considered.   While 
in  laboratory  experiments  it  is  often  possible  to  control 
the  environment  to  some  degree,  this  is  generally  not 
possible  when  dealing  with  human  behavior.   However,  where 
possible  the  confounding  influence  of  other  variables  were 
controlled  in  this  study  as  described  below. 

Structure  Type 
To  control  for  differences  in  travel  behavior  which 
might  be  due  to  differences  in  life  style  of  families 
living  in  different  types  of  dwelling  units  and  not  due  to 
changes  in  the  principal  variabLus  being  considered,  all 
units  selected  from  the  1964  sample  list  lived  in  single 
family  units.   Further,  data  from  the  1964  study  indicated 
that  residents  living  in  single  family  units,  but  not 
owning  the  unit,  reported  different  mean  trip  rates  than 
home  owners;  therefore  the  1971  survey  considered  only  those 
families  which  were  single  family  home  owners. 

Location  and  Resident  Differences 
From  the  1964  survey  list  it  was  possible  to  identify 
the  address  and  family  which  was  living  at  that  address. 
Since  the  intention  of  this  study  was  to  interview  the 
identical  families  as  were  interviewed  in  the  original 
survey  to  evaluate  stability  of  relationships  and  effects 
of  changes  in  socioeconomic  variables  of  the  families,  it 
was  necessary  to  determine  where  the  family  which  occupied 
a  selected  dwelling  unit  in  1964,  resided  in  1971.   A 
family  was  selected  for  interview  only  if  they  still  re- 
sided at  the  same  address  as  in  1964.   In  this  way  dif- 
ferences in  travel  behavior  which  may  have  been  due  to 
changes  in  the  living  environment,  rather  than  changes  in 
household  characteristics,  could  be  controlled  to  a  greater 
degree.   Of  course,  new  transportation  facilities,  or  new 
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land  use  developments  which  affect  travel  for  that  house- 
hold may  have  taken  place,  but  these  can  not  be  controlled 
in  the  analysis.   The  effect  of  such  changes  on  travel  of 
the  household  are  evaluated  only  by  asking  the  respondents 
to  indicate  whether  such  changes  increased,  decreased  or 
did  not  change  the  amount  that  the  family  travels  by  car 
and  public  transportation. 

Seasonal  and  Daily  Variation 
The  1964  survey  was  conducted  from  mid-August  to  mid- 
December.   Likewise,  the  1971  survey  was  conducted  in  the 
fall  over  a  five  week  period  from  mid-October  to  the  end 
of  November.   Statistical  tests  of  differences  in  week  day 
trip  rates  indicated  statistically  significant  differences 
(a=0.25)  in  trip  rates  for  days  of  the  week.   The  0.25 
significance  level  was  used  because  acceptance  of  the  null 
hypothesis  of  no  significant  difference  was  desired  to 
ease  restrictions  in  survey  scheduling.   To  guard  against 
acceptance  of  the  null  hypothesis  when  a  significant  dif- 
ference did  in  fact  occur,  the  high  alpha  level  was 
selected.   Since  daily  differences  were  possible,  the 
survey  schedule  was  established  so  each  household  would 
record  trips  on  the  same  day  of  the  week  as  in  1964. 

Sex 
Several  characteristics  of  the  respondents  such  as 
occupation,  auto  availability,  education,  and  sex  may  af- 
fect the  response  pattern  for  the  attitudinal  questions. 
Of  this  group,  it  was  possible  to  assure  a  distribution 
of  responses  from  men  and  women  respondents.   In  the  survey 
design,  the  principal  respondent  was  assigned  as  either 
the  head  of  the  household  or  spouse  of  head.   The  inter- 
viewer was  to  make  an  appointment  at  a  time  when  the  in- 
dicated principal  respondent  would  be  available.   Any 
additional  members  of  the  household  which  were  available 
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were  also  asked  to  respond  to  the  attitudinal  questions. 

Sample  Selection 

Restricting  the  list  of  potential  households  to  single 
family  home  owners  reduced  the  sample  size  from  10,532  to 
about  6,600.   Approximately  one  third  of  all  households 
did  not  report  income  in  19  64;  therefore,  before  drawing 
a  sample  from  this  list,  a  further  reduction  was  made  to 
eliminate  all  households  which  had  not  provided  complete 
information.   This  resulted  in  a  final  list  of  4,300  house- 
holds. 

The  sampling  procedure  used  a  systematic,  one  in  four, 
sampling  rate  to  obtain  a  basic  list.   Each  family  in  this 
list  was  checked  against  the  listings  of  the  1971  telephone 
directory  to  ascertain  if  the  family  still  resided  at  the 
address  shown  in  1964.   The  objective  was  to  obtain  a  list 
of  potential  households  which  would  provide  about  400 
completed  interviews. 

The  basic  design  for  selecting  the  households  for  this 
survey  was  to  establish  a  three  variable  classification 
matrix  for  family  size,  auto  ownership  and  income.   Income 
was  divided  into  three  categories:   less  than  $5000/  $5,000  to 
7,999  and  greater  than  $8,000;  Auto  ownership  was  divided  into 
three  categories:   0  cars,  1  car  and  2  or  more  cars  per 
household;  and  family  size  was  generally  considered  in  four 
classes:   1,  2,  3  and  4  or  more  members  per  household, 
although  distribution  in  the  last  category  was  also  desired 
to  get  an  adequate  representation  of  larger  family  sizes. 

In  order  to  obtain  as  much  information  as  possible 
about  all  combinations  of  family  size,  auto  ownership  and 
income  it  was  necessary  to  make  special  efforts  to  obtain 
households  with  some  of  the  less  frequent  variable  com- 
binations.  For  example,  households  with  higher  incomes  and 
larger  family  size  seldom  have  the  joint  occurrence  of  not 
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owning  an  automobile.   In  these  instances  the  entire  list 
of  4300  units  was  searched  to  obtain  a  listing  of  households 
with  combinations  of  socioeconomic  characteristics  which 
occurred  less  frequently  in  the  population.   From  this 
secondary  list,  random  selections  were  made  to  fill  empty 
or  near  empty  cells  in  the  three  variable  classification 
matrix.   Even  this  effort  could  not  fill  all  cells  of  the 
matrix  because  there  were  some  combinations  which  did  not 
exist  in  the  source  list  (e.g.,  a  one  member  household 
with  income  greater  than   $8000,  who  did  not  own  a  car). 
An  initial  sample  of  400  households  was  selected  to 
be  interviewed  in  the  study.   A  list  of  additional  house- 
holds was  also  established  to  replace  refusals  from  house- 
holds in  the  original  list.   For  all  household  types  IRTADS 
found  an  overall  non-response  rate  of  approximately  15%,  but 
in  research  studies  which  do  not  have  the  advantage  of 
being  publicized  in  local  news  media,  the  refusal  rate  may 
be  substantially  higher.   In  this  study,  the  response  rate 
was  65  percent.   Approximately  8%  of  the  nonresponses  were 
due  to  families  moving  from  the  household  between  the  time 
of  selection  and  the  actual  survey.   Another  9%  were  at- 
tributed to  vacant  households  due  to  vacations,  sickness 
or  death. 

Questionnaire  Design 

A  questionnaire  was  developed  to  obtain  the  information 
for  the  two  general  areas  of  interest,  i.e.  origin-destina- 
tion travel  data  and  individual  attitude  data.   The  pro- 
cedures and  definitions  used  in  the  1964  study  were  care- 
fully reviewed  for  development  of  the  origin-destination 
study  (14,  15) .   All  efforts  were  made  to  use  the  same 
definitions  and  recording  procedures  to  assure  the  acquisi- 
tion of  a  comparable,  consistent  data  set. 

In  the  study  design  stage,  experts  in  the  fields  of 
social  science  and  psychology  were  consulted  to  evaluate 
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alternate  techniques  for  obtaining  the  attudinal  data. 
Since  it  was  necessary  to  collect  the  trip  data  on  a 
household  to  household  basis  it  was  decided  to  use  attitude 
measuring  techniques  which  could  be  used  in  the  same  way. 

A  questionnaire  was  developed  which  contained  structured 
responses  in  the  form  of  paired  comparisons  and  successive 
categories  attitude  measuring  techniques,  as  well  as  un- 
structured questions  which  were  directed  to  obtaining  in- 
formation on  the  "why"  of  travel  decisions.   Generally, 
the  unstructured  questions  were  presented  to  the  respondent 
before  the  structured  questions  which  contained  a  specific 
list  of  items  to  be  evaluated.   This  was  to  reduce  the 
possibility  that  the  answers  given  in  the  unstructured 
questions  would  be  influenced  by  the  list  of  variables 
considered  by  the  researchers  in  the  attitude  survey. 

The  questionnaire  was  pretested  at  10  households  in 
the  Indianapolis  area  and  some  changes  were  made.   The 
revised  questionnaire  was  checked  again,  but  since  the 
revisions  were  not  related  to  peculiarities  of  the  study 
area,  the  second  pretest  was  conducted  in  Lafayette,  Indiana. 
This  second  version  was  accepted  as  the  survey  instrument 
to  be  used.   A  copy  of  the  questionnaire  appears  in  Ap- 
pendix A.   The  average  time  for  administering  the  question- 
naire was  forty  minutes. 

Home  Interview  Procedures 

Interviewers  and  Training 
Six  female  and  two  male  interviewers  were  selected 
for  conducting  the  survey.   The  interviewers  were  of  ex- 
ceptional quality  in  that  seven  of  them  held  college 
degrees.   Two  of  the  interviewers  had  previous  interviewing 
experience.   Since  other  research  indicated  that  it  might 
be  useful  to  have  members  of  particular  ethnic  groups  being 
interviewed  by  members  of  their  own  group,  two  minority 
group  interviewers  were  assigned  to  general  areas  where  the 
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black  population  was  larger. 

The  interviewers  were  given  a  two  day  training  session 
before  beginning  the  survey.   The  first  day  was  used  to 
thoroughly  acquaint  the  interviewers  with  the  purpose  of 
the  survey,  the  procedures  to  be  used,  and  the  question- 
naire and  related  materials.   The  second  day  was  devoted 
to  reviewing  each  of  the  questions  and  all  of  the  definitions 
of  trip  purpose,  modes  of  travel  to  be  considered,  house- 
hold members,  etc. 

After  completion  of  the  training  sessions,  each  inter- 
viewer was  given  one  household  to  contact.   Upon  completion 
of  the  interview,  each  interviewer  returned  to  the  central 
office  to  review  all  portions  of  the  questionnaire  before 
other  interviews  were  assigned. 

Contact  and  Follow  Up  Procedures 
Initial  contact  with  prospective  respondents  was  made 
by  sending  a  letter  explaining  the  purpose  of  the  study 
and  asking  for  their  cooperation.   Forms  for  recording 
trips  on  the  travel  date  were  also  sent  in  this  letter.   A 
copy  of  the  letter  and  forms  appear   in  Appendix  A. 

Each  week  the  interviewers  were  provided  a  list  con- 
taining the  name,  address  and  principal  respondent  (head  or 
spouse  of  head)  of  all  households  to  be  interviewed  in 
the  following  week.   On  the  day  before  "Travel  Date"  of  a 
household,  the  interviewers  called  the  residence  to  answer 
any  questions  about  filling  out  the  travel  form  and  to 
arrange  a  mutually  convenient  time  for  conducting  the  re- 
maining portions  of  the  interview.   Call  back  procedures 
were  established  in  the  event  that  the  respondent  could 
not  be  immediately  contacted  by  telephone.   In  the  event 
that  the  respondent  refused  to  cooperate  in  the  study  when 
contacted  by  phone,  the  interviewer  notified  the  study 
office.   Initially  the  interviewers  were  asked  to  try  and 
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make  personal  contact  with  all  households  who  had  declined 
to  set  up  an  interview  when  contacted  by  phone.   Although 
this  procedure  had  some  success  in  obtaining  interviews 
from  these  households,  this  procedural  requirement  was 
relaxed  so  that  personal  contact  was  attempted  only  if  the 
family  seemed  to  be  reasonably  receptive  to  the  interview. 
When  an  interview  could  not  be  conducted,  attempts  were 
made  to  replace  the  sample  household  with  another  with  the 
same  characteristics. 

Validation 
Twice  each  week  the  interviewers  were  required  to 
deliver  all  interviews  to  the  study  office.   At  that  time 
the  questionnaires  were  reviewed  and  problems  were  dis- 
cussed.  Additional  validation  checks  were  conducted  by 
randomly  selecting  returned  questionnaires  and  recontacting 
the  sample  household  to  check  the  validity  of  the  reported 
data.   All  checks  made  indicated  the  interviewers  were 
asking  the  appropriate  sections  of  the  questionnaire  and 
were  spending  the  amount  of  time  in  the  household  indicated 
on  the  questionnaire. 

Respondent  Characteristics 
A  total  of  357  questionnaires  were  completed  for 
analysis  in  this  study.   The  principal  respondent  was  a 
male  in  162  households  and  female  in  195  households.   The 
households  were  located  throughout  the  Indianapolis  study 
area  and  represented  a  mixture  of  educational  levels  and 
occupational  status,  as  well  as  the  other  control  variables 
discussed. 

The  average  age  of  the  head  of  household  was  52  years 
with  a  median  education  of  11.8  years.   The  breakdown  of 
family  income  and  head  of  household  occupational  groups 
for  1964  and  1971  are  shown  in  Tables  3.1  and  3.2.   Other 
household  characteristics  are  provided  in  Appendix  B  along 
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with  the  average  home  based  trip  production  for  the  family 
size,  auto  ownership  and  income  stratifications. 

It  should  be  noted  that  the  sample  selected  for  this 
study  is  not  a  representation  of  the  total  population  of 
all  single  family,  home  owning  residents  in  1971.   Each 
household  is  assumed  to  be  a  random  sample  from  all  house- 
holds with  the  same  socioeconomic  characteristics  as  re- 
ported in  1964.   However,  the  sample  may  not  be  represent- 
ative of  all  single  family  units  today  since  the  families 
interviewed  have  remained  in  the  same  household  at  least 
seven  years.   It  is  possible  that  families  who  change 
residence  location  may  have  different  characteristics  than 
those  that  remain  located  at  the  same  address.   Nearly 
65%  of  all  families  in  the  single  family  units  checked/  did 
change  location  during  this  period. 

The  sample  is  now  generally  older  than  the  total 
population  and  has  a  larger  percentage  of  the  household 
heads  who  are  retired  or  unemployed. 
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Table  3.2.   Occupation  of  Head  of  Household 


1964 

1971 

Number 

Percent 

Number 

Percent 

Professional 

46 

12.9 

.   43 

12.0 

Managers 

61 

17.1 

32 

9.0 

Clerical 

34 

9.5 

23 

6.5 

Salesman 

27 

7.6 

40 

11.2 

Craftsman 

99 

27.8 

75 

21.0 

Operatives 

30 

8.4 

31 

8.7 

Service  Personnel 

28 

7.7 

16 

4.5 

Retired  or  Unemployed 

32 

9.0 

68 

19.1 

Total 

357 

100.0 

357 

100.0 
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CHAPTER  4 .   INDIVIDUAL  PERCEPTIONS 
OF  TRAVEL  CHOICE  FACTORS 

Factors  which  are  important  to  travel  choice  extend  be- 
yond the  realm  of  socioeconomic  and  demographic  variables 
which  are  measured  in  a  typical  transportation  study  survey. 
Travel  decisions  are  a  part  of  human  behavior  which  are  di- 
rected toward  attaining  specific  goals.   The  method  and  de- 
gree of  satisfaction  realized  in  attaining  these  goals  are 
dependent  upon  the  individual,  his  personality  and  his  past 
experience.   Several  paths  may  be  available  for  meeting  the 
goal  or  objective.   The  path  an  individual  selects  will  be 
the  path  which  offers  the  greatest  satisfaction  or  the  path 
which  appears  to  offer  the  least  resistance  to  achieving  the 
goal. 

Due  to  the  difficulty  in  obtaining  measures  of  perceived 
human  values  and  evaluating  the  relationship  of  these  mea- 
sures to  travel  behavior,  transportation  planners  have  not 
extensively  studied  the  attitudes  of  individuals  which  are 
related  to  travel.   Since  the  objective  of  this  research  is 
to  concentrate  on  evaluating  important  characteristics  of 
the  decision  unit,  an  effort  was  first  made  to  extend  the 
evaluation  beyond  measurement  of  socioeconomic  characteris- 
tics in  order  to  explore  individual  attitudes  and  values 
and  their  relation  to  travel  behavior.   This  portion  of  the 
research  was  not  intended  to  develop  new  concepts  or  vari- 
ables which  are  in  the  psychological  field  of  the  trip  maker, 
but  rather,  the  basic  intent  was  to  examine  further  the 
factors  which  other  research  has  found  to  be  important  to 
the  individual.   This  portion  of  the  study  concentrated 
on  learning  more  about  factors  which  are  important  in  mode 
and  route  choice  and  in  the  selection  of  a  trip  destination. 
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The  mode  and  route  choice  variables  were  studied  for  two 
trip  purposes,  the  work  trip  and  the  shopping  trip.   Examin- 
ation of  decision  variables  important  to  selection  of  a  trip 
destination  site  was  restricted  to  consideration  of  the  shop- 
ping trip. 

An  Evaluation  of  Factors  Important  in  Mode  Choice 
A  rating  scale  method  referred  to  as  the  method  of  suc- 
cessive categories  was  used  to  evaluate  individuals'  responses 
to  factors  which  may  be  important  in  selection  of  a  mode  of 
travel.   The  factors  selected  in  this  study  for  evaluation 
were  those  factors  found  most  significant  by  other  researchers 
(26,31).   A  total  of  twelve  factors  were  selected  for  analysis, 
The  complete  statements  and  the  method  of  presentation  are 
shown  in  questions  10  and  47  of  the  questionnaire  (Appendix 
A)  for  the  work  trip  and  shop  trip,  respectively.   The  same 
factors  were  used  for  both  trip  purposes  although  the  order 
of  presentation  was  varied.   Generalized  statements  of  each 
of  the  descriptors  are  included  in  Table  4.1. 

At  each  household  the  principal  respondent  and  all  other 
adult  members  who  were  present  at  the  time  of  the  survey  were 
asked  to  rate  the  descriptors  for  the  shopping  trip  mode  se- 
lection.  For  the  work  trip  purpose,  all  adult  members  who 
worked  outside  the  home,  two  or  more  days  per  week  were  asked 
to  respond.   The  number  of  completed  responses  for  the  work 
trip  and  the  shopping  trip  was  233  and  400,  respectively. 

The  descriptors  were  rated  on  a  seven  point  psychologi- 
cal scale.   A  descriptor  which  was  perceived  to  be  of  great- 
est importance  was  rated  as  seven  (7)  on  the  scale  and  a  de- 
scriptor which  was  not  at  all  important  was  rated  as  one  (1) . 
If  the  descriptor  did  not  induce  an  extreme  response  some 
scale  position  between  one  and  seven  was  selected.   Since 
this  scale  is  considered  to  be  only  an  ordinal  ranking  it 
would  be  desirable  to  convert  the  psychometric  scale  to  an 
interval  scale.   With  the  converted  scale,  more  powerful 
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analytical  techniques  could  be  used  to  study  the  relation- 
ships among  the  individual's  actual  mode  choice  behavior, 
his  socioeconomic  status,  and  his  expression  of  importance 
of  the  mode  choice  variables.   The  Law  of  Categorical  Judg- 
ment, which  is  the  basis  for  the  scaling  technique,  does 
allow  such  a  conversion  to  be  made  if  the  assumptions  of  the 
scaling  method  are  adequately  met  (11).   Unfortunately,  the 
pattern  of  responses  for  this  survey  did  not  allow  such  a 
conversion.   The  response  patterns,  rather  than  being  uni- 
modal ,  and  tending  toward  a  normal  distribution,  were  found 
to  be  bimodal,  or  even  multimodal,  for  selected  descriptors. 
Consequently,  evaluation  of  the  perceived  importance  of  the 
descriptors  was  limited  to  an  analysis  of  average  ratings. 

Table  4.1  shows  the  mean  rating  for  each  of  the  factors 
as  well  as  the  rank  order  of  the  factors  for  each  trip  pur- 
pose.  Although  the  rank  order  of  importance  changed  some- 
what across  trip  purposes,  the  absolute  differences  in  the 
ratings  were  small.  This  is  in  agreement  with  the  conclu- 
sions reached  by  Paine  in  the  Maryland  study  (31).   Ratings 
of  mode  choice  characteristics  appear  to  be  nearly  indepen- 
dent of  trip  purpose. 

It  is  of  interest  to  compare  further  the  ranking  of  the 
importance  of  the  descriptors  in  this  research  with  the  re- 
sults obtained  in  the  Maryland  study.   Table  4.2  lists  the 
five  factors  found  to  be  most  important  for  the  work  and  non 
work  trip  reported  by  Paine. 

The  responses  from  Indianapolis  residents  indicated 
that  the  most  important  characteristics  were  (1)  to  feel 
confident  vehicle  would  get  to  destination  without  an  acci- 
dent; (2)  to  feel  confident  vehicle  would  not  be  stopped 
for  repairs;  and  (3)  to  be  able  to  go  whenever  you  want  to. 
These  characteristics  taken  together  represent  a  feeling  of 
reliability  in  the  service.   That  is,  the  feeling  that  one 
would  receive  the  service  at  the  time  he  wants  or  expects 
and,  once  the  service  is  provided,  the  destination  would  be 
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Table  4.2.   Attitudinal  Ratings  for  Mode  Choice  Factors  - 
Maryland  Study. 

Factor  Work  Trip  Non-work  Trip 

Rating  Rating 

Reliability  1  1 

Travel  Time  2  5 

Convenience  *  3 

Weather  3  2 

Cost  4  4 

*Included  as  a  component  of  travel  time  for  work  trip 
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attained.   This  agrees  with  the  Maryland  study  conclusions. 

The  next  most  important  consideration  for  the  Indianapo- 
lis respondents  was  protection  from  the  weather.   The  Mary- 
land study  found  weather  consideration  to  occupy  the  second 
position  for  the  non-work  trip  and  third  for  the  work  trip. 

The  ranking  of  the  third  basic  factor  also  agree  for 
the  non-work  trip  in  the  two  studies.   That  is  the  factor 
of  convenience.   Factor  analysis  of  the  Maryland  data,  how- 
ever, stated  that  for  the  work  trip,  convenience  was  a  com- 
ponent of  travel  time.   Travel  time  was  rated  as  the  second 
most  important  factor  in  selection  of  a  mode  for  the  work 
trip.   On  the  other  hand,  both  travel  time  and  costs,  which 
were  perceived  to  be  relatively  important  to  the  choice  of 
mode  in  the  Maryland  study,  and  which  are  prominently  used 
in  modal  split  models,  were  perceived  to  be  of  little  impor- 
tance to  the  Indianapolis  respondents.   Although  the  Indi- 
anapolis ratings  must  be  studied  with  the  knowledge  that  the 
respondents  do  not  represent  a  cross  section  of  the  total 
population  and  are  not  potentially  the  most  likely  transit 
users,  the  ratings  bear  significant  implications  for  the 
transportation  planner.   The  importance  ratings  would  sug- 
gest that  operational  changes  of  the  public  transportation 
system,  designed  solely  to  improve  travel  time  or  reduce 
costs  of  the  transit  modes,  may  not  be  effective  in  inducing 
these  individuals  to  use  the  improved  service.   Additional 
consideration  would  also  have  to  be  given  to  such  items  as 
increased  comfort  and  protection  from  the  elements  of  the 
weather. 

Critique  of  the  Successive  Category  Rating  Technique 
Use  of  the  successive  category  scaling  technique  pro- 
vided information  which  allowed  measurement  of  perceived  im- 
portance of  selected  mode  choice  descriptors.   The  average 
ratings  can  provide  the  planner  with  information  which  will 
help  reflect  the  impact  which  changes  in  the  transportation 
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facilities  may  have  on  the  actual  use  of  those  facilities. 
The  full  power  of  the  scaling  technique,  however,  was  lost 
due  to  responses  falling  largely  in  the  extreme  categories. 
The  response  patterns  were,  therefore,  given  greater  atten- 
tion to  help  understand  more  about  the  reasons  for  the  lack 
of  discrimination  between  categories  for  the  different  mode 
choice  descriptors. 

Several  reasons  may  be  cited  to  explain  the  selection 
of  the  extreme  category  as  was  the  case  in  this  study.   One 
of  these  would  obviously  be  that  the  descriptors  selected 
did,  in  fact,  excite  a  strong  feeling  of  importance.   A  sec- 
ond possibility  was  that  some  of  the  respondents  became 
weary  of  the  "testing"  process,  lost  interest,  and  subsequent- 
ly  failed  to  make  serious  effort  to  discriminate  between 
levels  of  importance  for  the  various  descriptors.   Finally, 
the  respondents  may  not  have  understood  the  rating  method 
and  were  therefore  unsure  of  their  role  in  completing  the 
questionnaire.   It  was  this  latter  hypothesis  which  was 
given  further  attention. 

Even  though  careful  instructions  were  given  to  explain 
the  respondents  role,  it  was  felt  that  in  the  interview 
situation,  the  respondent  had  difficulty  "learning"  that  role, 
This  appeared  to  be  particularly  true  for  the  less  educated 
groups.   To  quantify  the  degree  to  which  a  person's  educa- 
tion affected  the  response  pattern,  the  data  were  stratified 
by  education  level  and  the  average  number  of  categories  re- 
ceiving responses  was  tabulated  for  each  education  level. 
If  the  respondent  exhibited  no  discriminatory  power  in  jud- 
ging the  importance  of  the  descriptors,  the  average  number 
of  response  categories  checked  would  be  one  (1) .   On  the 
other  hand,  the  respondent  whose  discriminal  process  was 
sensitive  to  varying  levels  of  importance  of  the  descriptors 
might  respond  in  a  maximum  of  seven  scale  positions. 

Three  of  the  education  stratifications  have  been  se- 
lected to  demonstrate  the  effect  of  education  on  the  response 
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patterns  and  the  degree  to  which  the  scaling  procedure  is  im- 
proved as  the  respondent  learns  his  role.   The  three  groups 
and  the  average  number  of  categories  receiving  responses 
for  the  work  trip  purpose  were: 

1.  eighth  grade  education  or  less  (3.0  categories) 

2.  high  school  graduate  (3.5  categories) 

3.  college  graduate  or  more        (4.3  categories) 
Figure  4.1  is  a  plot  of  the  cumulative  frequency  of  the  re- 
sponse patterns.   The  curves  show  a  wide  spread  in  the  dis- 
tribution pattern  for  the  different  education  levels.   For 
example,  approximately  20  percent  of  the  college  graduate 
group  responded  in  three  categories  or  less;  approximately 
60  percent  of  the  eighth  grade  or  less  education  group  re- 
sponded in  three  categories  or  less. 

The  degree  to  which  continued  exposure  to  the  scaling 
technique  helps  improve  the  understanding  of  the  respondents 
role  can  be  obtained  by  comparing  Figure  4.2,  which  is  a 
plot  of  the  response  pattern  for  the  shopping  trip,  with 
Figure  4.1.   Many  of  the  individuals  responding  to  the  mode 
choice  descriptors  for  the  shop  purpose  had  previously  been 
exposed  to  the  scaling  technique  for  the  work  purpose  se- 
lection.  The  learning  process  has  diminished  the  degree  of 
spread  between  the  response  patterns  of  the  educational 
groups,  but  there  is  still  the  tendency  for  the  lower  educa- 
tion level  to  have  less  discriminatory  power  in  perceiving 
differences  in  the  importance  of  the  descriptors. 

Evaluation  of  Mode  Choice  Factors  by  Subgroups 
In  order  to  determine  if  different  groups  within  the 
sample  possessed  different  feelings  about  the  variables,  an 
analysis  was  conducted  for  several  subgroups.   The  groupings 
selected  were  sex,  education,  age,  licensed  or  non-licensed 
driver  and  miles  driven.   Education  was  categorized  into  two 
groups,  i.e.,  less  than  high  school  graduate  and  high  school 
graduate  or  more.   Age  was  categorized  into  groups  less  than 
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60  years  of  age  and  60  years  or  older.   Miles  drive  was  cate- 
gorized into  groups  which  traveled  less  than  12,000  miles 
and  over  12,000  miles. 

To  test  for  significant  differences  in  the  responses, 
the  Kolmogorov-Smirnov  test  was  used  since  this  test  is  in- 
dependent of  the  underlying  distribution  of  the  responses 
(34).   Table  4.3  shows  the  results  of  the  analysis. 

For  the  work  trip  purpose,  the  null  hypothesis  of  no 
difference  in  response  rate  could  be  rejected  at  the  0.01 
significance  level  only  for  the  cost  factor  for  licensed  and 
non-licensed  travelers.   The  non-licensed  worker  judged  costs 
to  be  more  important  in  selecting  a  mode  of  transportation. 
This  reflects  the  greater  awareness  of  the  out-of-pocket 
cost  to  the  worker  who  must  rely  on  others  to  provide  his 
transportation . 

For  the  shopping  trip,  female  travelers  and  those  re- 
spondents whose  families  travel  less  than  12,000  miles  per 
year  place  more  importance  on  riding  in  areas  familiar  to 
them.   In  addition  the  under  12,000  mileage  group  expressed 
a  greater  concern  for  having  a  comfortable  vehicle  to  ride 
in. 

An  Analysis  of  Driver  Preferences  for 
Route  Choice  Descriptors 
The  method  of  paired  comparisons  developed  by  Thurstone 
was  used  to  determine  the  relative  importance  of  factors 
which  may  be  important  in  individual  choice.   In  the  method 
of  paired  comparison  the  responent  is  presented  with  pairs 
of  stimuli  or  descriptors  which  are  to  be  judged.   For  each 
pair  the  respondent  is  asked  to  indicate  which  descriptor 
is  preferred.   An  experimental  procedure  based  on  the  "Law 
of  Comparative  Judgment"  can  be  used  to  obtain  relative 
scale  values  for  the  set  of  stimuli  or  descriptors  which  are 
presented  to  the  respondent.   The  theory  of  the  experimental 
models  is  omitted  here  but  may  be  found  in  Torgeson  or 
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Guilford  (11,38).   The  analysis  in  this  research  was  facili- 
tated by  use  of  a  computer  program  originally  developed  by 
MacGillivray  (22).   The  route  choice  descriptors  presented 
to  the  respondents  embodied  the  primary  factors  which  Wachs 
found  to  be  significant  in  explaining  route  choice  variation 
in  Evanston,  Illinois  (40) .   Questions  lie  and  48  of  the 
questionnaire  (Appendix  A)  show  a  complete  set  of  the  paired 
descriptors  for  the  work  trip  and  shopping  trip.   The  basic 
descriptors  are  listed  in  Table  4.4. 


Table  4.4.   Route  Choice  Descriptors  Used  in  Paired  Compari- 
son Analysis. 


1.  Route  with  a  shorter  distance 

2.  Route  with  a  shorter  driving  time 

3.  Route  with  less  congestion  and  strain  to  driving 

4.  Route  with  fewer  stop  signs  and  signals 

5.  Route  with  more  stores,  service  stations  and 
restaurants 

6.  Route  through  more  pleasant  neighborhoods 

7.  Route  which  you  feel  may  be  safer 


Seven  descriptors  were  presented  to  the  respondents  in 
the  study.   Since  each  stimuli  is  paired  against  every  other 
stimuli,  a  total  of  n(n-l)/2,  or  21  comparisons  were  neces- 
sary.  To  avoid  bias  due  to  respondent  fatigue  or  possible 
tendency  to  always  select  the  first  or  second  item  of  a  pair, 
the  descriptor  pairs  were  randomly  ordered  for  different 
respondents.   A  total  of  four  random  orderings  was  used. 

A  relative  scale  of  importance  of  the  descriptors  is 
extracted  by  creating  a  proportion  matrix  Pi,  which  lists 
the  percentage  of  the  time  each  descriptor  J  is  preferred 
over  descriptor  K.   Tables  4.5  and  4.6  are  the  respective 
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Table  4.5.   Observed  Proportion  Matrix  for  Evaluating  Route 
Choice  Preferences  for  Work  Trip. 

Percentage  of  Time  Descriptor  J  is  Preferred  Over 

Descriptor  K 

Descriptor  J 


1 

2 

3 

4 

5 

6 

7 

1 

— 

.764 

.729 

.553 

.096 

.171 

.719 

2 

.236 

— 

.653 

.382 

.072 

.171 

.729 

w 

u 

3 

.271 

.347 

-- 

.347 

.080 

.111 

.591 

0 

+J 

-H 

4 

.447 

.618 

.653 

— 

.075 

.151 

.698 

U 

O 

5 

.904 

.928 

.920 

.925 

— 

.794 

.914 

Q) 

Q 

6 

.829 

.829 

.889 

.849 

.206 

-- 

.884 

7 

.281 

.271 

.409 

.302 

.086 

.116 

— 

Ge 

neralized 

Descri 

ptors 

1  -  Distance 

2  -  Driving  Time 

3  -  Congestion  and  Strain 

4  -  Fewer  Stops  and  Signals 

5  -  More  Commercial  Development 

6  -  Pleasant  Neighborhoods 

7  -  Safety 
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Table  4.6.   Observed  Proportion  Matrix  for  Evaluating  Route 
Choice  Preferences  for  Shopping  Trip. 

Percentage  of  Time  Descriptor  J  is  Preferred  Over 

Descriptor  K 

Descriptor  J 


1 

2 

3 

4 

5 

6 

7 

1 

-- 

.619 

.676 

.438 

.358 

.333 

.755 

2 

.381 

-- 

.683 

.446 

.316 

.291 

.744 

3 

.324 

.317 



.283 

.245 

.180 

.547 

o 

-p 

4 

.562 

.554 

.717 

-- 

.366 

.312 

.773 

u 

0 

5 

.6  42 

.684 

.755 

.634 

-- 

.557 

.784 

6 

.667 

.709 

.820 

.688 

.443 

— 

.866 

7 

.245 

.256 

.453 

.227 

.216 

.134 

— 

Ge 

neralized 

Descrip 

tors 

1  -  Distance 

2  -  Driving  Time 

3  -  Congestion  and  Strain 

4  -  Fewer  Stops  and  Signals 

5  -  More  Commercial  Development 

6  -  Pleasant  Neighborhoods 

7  -  Safety 
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P '. ,  matrices  for  the  work  trip  and  shop  trip.   Extraction  of 
a  scale  from  the  observed  proportion  matrix  essentially  in- 
volves a  least  squares  solution  if  every  descriptor  is 
paired  against  every  other  descriptor  in  the  group.   If  some 
pairs  should  be  missing,  the  standard  model  is  no  longer  a 
true  least  squares  solution,  but  the  model  provides  an  ap- 
proximate method  for  obtaining  a  scale.   Gulliksen  has  pre- 
sented an  alternate  method  for  obtaining  the  scale  if  a  more 
exact  solution  is  required  (12)  .   This  was  of  interest  in 
this  study  since,  during  the  course  of  data  collection,  it 
was  discovered  that  in  two  of  the  four  random  orderings,  one 
of  the  pair  combinations  had  been  inadvertently  omitted.   To 
evaluate  possible  distortions  in  the  scale  due  to  the  incom- 
plete data  set,  both  the  standard  model  and  Gulliksen 's  model 
were  used  initially  to  establish  a  scale.   These  analysis 
showed  that,  although  the  scale  values  differed  slightly, 
the  rank  position  of  each  descriptor  remained  the  same  and 
the  spread  on  the  scale  between  descriptors  was  equivalent. 
Consequently,  the  regular  scaling  model  was  used  in  all  fur- 
ther analyses. 

The  scale  values  obtained  from  all  respondents  for  each 
of  the  trip  purposes  are  given  in  Figure  4.3.   Although  the 
magnitude  of  the  scale  values  differ  for  the  two  sets,  it 
should  be  noted  that  the  scales  are  only  relative  measures. 
The  grouping  of  the  descriptors  along  the  scale  and  the  rela- 
tive spread  are  the  important  considerations  rather  than  the 
numerical  value.   Examination  of  the  two  scales  shows  that 
there  is  a  high  degree  of  consistency  in  ranking  of  the  de- 
scriptors for  the  two  trip  purposes.   The  relative  impor- 
tance of  the  descriptors  is  substantially  independent  of  the 
trip  purpose  considered.   This  agrees  with  the  conclusions 
reached  by  Wachs . 

Scale  values  for  the  descriptors  were  found  to  be 
grouped  at  three  levels  along  the  scale.   The  respondents 
indicated  the  strongest  preference  for  safety,  with  reduced 
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congestion  and  strain  to  driving  being  a  close  second  in  im- 
portance. 

The  second  group  along  the  scale  included  minimization 
of  driving  time,  minimization  of  the  number  of  signals  and 
stop  signs  along  the  route,  and  minimization  of  distance. 
Driving  time  was  considered  more  important  for  each  of  the 
trip  purposes,  however,  for  the  shopping  trip,  distance 
considerations  were  more  important  than  the  preference  for 
routes  with  fewer  stop  signs  and  signals. 

Finally,  the  lower  group  on  the  scale  included  prefer- 
ences for  routes  through  pleasant  neighborhoods  and  routes 
with  commercial  development.   These  descriptors  may  be  con- 
sidered relatively  unimportant  in  the  route  choice  decision 
compared  to  the  other  factors.   Even  for  the  shopping  trip 
in  which  respondents  might  be  interested  in  shopping  at 
different  stores  along  the  route,  the  implied  commercial 
development  descriptor  was  judged  to  be  least  significant. 
A  greater  percentage  of  the  respondents,  however ,  did  per- 
ceive pleasant  neighborhoods  and  commercial  development  to 
be  more  important  than  was  the  case  for  the  work  trip  (Tables 
4 . 5  and  4.6). 

Model  Evaluation  and  Critique 
To  check  the  consistency  of  the  paired  comparison  scal- 
ing model,  the  procedure  used  to  obtain  the  scale  was  re- 
versed in  order  to  estimate  an  expected  proportion  matrix, 

P '. /.   If  the  scale  estimates  are  unbiased,  the  reproduced 
3K 

matrix  should  be  equivalent  to  the  original  P ' .  matrix  and 
a  plot  of  corresponding  cell  entries  should  form  a  linear 
relationship.   Further,  if  the  model  provided  a  perfect  fit, 
all  points  would  fall  on  a  line  passing  through  the  origin 
with  a  slope  of  1.00.   Figures  4.4  and  4.5  show  the  plots 
for  each  trip  purpose.   Least  squares  estimates  of  the  slopes 
were  found  to  be  1.02  and  1.00  for  the  work  trip  and  shop 
trip,  respectively.   The  intercept  was  0.00  for  each  model. 
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Unlike  the  method  of  successive  categories,  the  paired 
comparison  model  was  extremely  effective  in  fitting  a  scale 
to  the  observed  data.   The  paired  comparison  model  is  oper- 
ationally simpler  for  the  respondent  to  understand.   One 
is  required  to  decide  only  which  descriptor  is  more  impor- 
tant in  relation  to  the  attribute  being  measured;  he  is  not 
forced  to  select  a  degree  of  importance  for  each  descriptor. 
All  respondents  were  able  to  more  easily  adapt  to  their  role 
in  the  pair  comparison  methodology  but  this  seemed  to  be 
particularly  important  to  the  less  educated  groups. 

The  difficulty  with  the  paired  comparison  method  is  that 
the  number  of  comparisons  which  are  necessary  increases  very 
rapidly  as  the  number  of  descriptors  increases.   Whereas,  the 
analyst  may  be  interested  in  learning  more  about  the  compon- 
ents of  a  particular  factor,  the  pair  comparison  method  be- 
comes over  bearing  for  the  respondent  if  he  is  to  be  charged 
with  several  additional  components  to  rate.   For  example,  in 
this  study,  in  order  for  the  planner  to  make  effective  use 
of  the  knowledge  that  safety  is  a  prime  consideration  in 
route  choice  one  would  have  to  know  more  about  the  elements 
which  the  individual  considers  in  safety.   Are  urban  freeways 
perceived  to  be  safer  than  arterial  streets?;  is  provision 
of  an  emergency  lane  on  expressways  perceived  to  be  more  im- 
portant than  signalization  of  a  route?;  etc. 

While  the  scaling  model  may  effectively  measure  the 
relative  importance  of  the  set  of  descriptors,  the  magnitude 
of  the  task  is  increased  greatly  as  the  set  of  factors  in- 
creases . 

Analysis  of  Route  Choice  Descriptors  by  Subgroups 
In  order  to  determine  if  groups  within  the  total  sample 
had  different  preferences,  the  sample  was  divided  into  the 
same  groups  as  in  the  mode  choice  analysis  except  that  no 
stratification  was  possible  for  licensed  and  non-licensed 
respondents.   Figure  4.6  shows  the  scales  obtained  from  all 
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subgroups  for  the  work  trip.   The  ranking  of  the  descriptors 
was  consistent  across  all  subclasses,  although  variations 
in  relative  importance  did  exist.   A  greater  concern  for 
safety  was  exhibited  by  the  respondents  whose  families 
traveled  less  than  12,000  miles  each  year.   This  group  is 
not  a  part  of  what  one  might  call  the  "traveling  set"  and 
is  likely  to  be  more  apprehensive  when  traveling.   Thus,  the 
greater  concern  for  a  safer  route.   This  greater  preference 
for  safety  was  also  exhibited  by  the  age  group  over  60. 

Analysis  of  the  subgroup  responses  for  the  shopping 
trip  also  showed  consistent  scale  positions  across  all  sub- 
groups (Figure  4.7).   The  only  difference  of  consequence 
appears  in  the  groups  for  age  over  60,  miles  driven  less 
than  12,000,  and  education  less  than  high  school.   Each  of 
these  groups  placed  relatively  more  importance  on  driving 
through  pleasant  neighborhoods  than  did  their  corresponding 
group.   It  is  interesting  to  note  that  these  subgroups  are 
not  independent.   In  fact  one  would  expect  that  many  of  the 
members  from  any  one  group  would  also  fit  in  the  other  two. 

Analysis  of  Factors  Related  to  Choice  of 
Trip  Destination 
The  final  area  of  study  in  this  portion  of  the  research 
was  an  attempt  to  measure  the  extent  of  the  trip  maker's 
movement  space  and  the  weight  or  importance  of  specific 
characteristics  which  influence  the  selection  of  potential 
destinations.   In  particular,  the  individuals  perception  of 
factors  important  in  selecting  a  shopping  trip  destination 
were  considered.   Responses  were  solicited  through  open-ended 
questions  (Questions  49  through  70)  and  through  the  struc- 
tured approach  of  the  successive  categories  rating  scale 
(Question  71) .   The  purpose  of  the  less  structured  questions 
was  to  obtain  information  about  the  characteristics  of  the 
most  recent  shopping  trip  which  the  respondent  had  taken 
within  the  week  of  the  survey.   Of  particular  interest  was 
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the  mode  of  travel,  the  destination  of  the  trip,  the  distance 
and  time  for  making  the  trip,  and  the  time  of  day.   In  ad- 
dition, the  respondent  was  asked  the  "why"  of  his  choice  and 
whether  an  alternate  destination,  mode  or  time  would  have 
been  preferred.   Summaries  of  this  data  are  included  in  Ap- 
pendix C  and  are  briefly  discussed  there.   The  discussion 
here  focuses  on  the  responses  to  the  descriptors  used  in  the 
rating  scale  analysis. 

Table  4.7  gives  a ■ listing  of  the  generalized  descriptors 
and  shows  the  mean  ratings  and  rank  order  of  importance. 
The  ratings  show  that  individuals  tend  to  select  their  shop- 
ping destination  more  upon  the  characteristics  of  the  store 
itself,  than  on  the  characteristics  of  the  transportation 
system  which  serves  the  area.   Descriptors  related  to  char- 
acteristics of  the  store  which  received  high  ratings  were 
selection  of  goods,  and  appearance  of  the  store  and  surround- 
ing environment,  number  one  and  three,  respectively.   On 
the  other  hand,  descriptors  referring  to  distance,  travel 
time,  and  travel  cost  were  ranked  in  positions  11,  12,  and  13, 
respectively.   The  cost  of  parking  was  rated  tenth,  but  the 
ability  to  park  near  the  shopping  destination  was  perceived 
as  the  second  most  important  decision  variable.   The  ability 
to  quickly  find  a  parking  spot  was  in  the  fifth  ranked  posi- 
tion.  These  latter  factors  are  often  actually  a  character- 
istic of  the  destination  selected,  e.g.,  as  at  shopping 
centers  where  parking  facilities  are  a  composite  part  of  the 
development.   The  respondents'  desire  to  shop  where  they 
could  easily  find  a  parking  spot  was  apparently  satisfied  as 
fully  90  percent  of  all  auto  mode  travelers  reported  finding 
a  parking  location  in  a  minute  or  less.   Less  than  ten  per- 
cent of  all  reported  auto  mode  shopping  trips  reported  were 
in  the  central  business  district  of  Indianapolis. 

When  the  respondent  was  asked  why  he  chose  the  particu- 
lar shopping  location  that  he  cited  for  the  particular  trip 
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Table  4.7.   Attitudinal  Ratings  of  Factors  Important  in  Se- 
lection of  a  Shopping  Trip  Destination. 


Generalized  Descriptor 


Average 

Rank 

Rating* 

Order 

5.07 

8 

5.61 

5h 

5.01 

9 

6.25 

1 

4.74 

13 

4.81 

10 

3.31 

15 

5.30 

7 

5.72 

2 

5.67 

4 

4.36 

14 

5.61 

5*5 

4.74 

12 

4.79 

11 

5.71 

3 

Familiar  area 

Shop  at  several  stores 

Employees  to  help  you 

Wide  selection 

Shortest  trip  time 

Parking  cost 

Go  where  others  shop 

Roads  not  congested 

Walking  distance  from  vehicle 

Easy  to  return  home 

Ride  to  several  stores 

Quickly  find  place  to  park 

Travel  cost 

Distance 

Pleasant  appearance 


*Maximum  rating  =  7.0 
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under  consideration  (Question  58) ,  the  most  frequent  re- 
sponse was  that  this  store  was  closest  (110  responses-see 
Table  C3) .   On  the  surface,  this  would  appear  to  be  a  con- 
tradiction since  distance  and  time  factors  were  given  low 
ratings  in  the  attitude  scales.   A  logical  interpretation, 
however,  exists.   It  can  be  said  that  the  basic  decision 
variable  is  not  a  factor  of  time  or  distance  per  se,  but 
rather,  the  decision  is  shaped  more  by  the  opportunity  to 
satisfy  the  goals  of  the  trip.   The  individual  places  a  high 
value  on  serving  the  needs  of  the  trip  at  the  closest  oppor- 
tunity, but  the  time  necessary  to  arrive  at  the  goal  destin- 
ation is  not  the  prime  factor.   Indeed,  this  is  the  basic 
hypothesis  of  the  Intervening  Opportunity  model  for  trip 
distribution.   The  basic  hypothesis  of  the  Intervening  Oppor- 
tunity model  is  that  trips  will  desire  to  be  as  short  as 
possible,  lengthening  only  as  the  traveler  fails  to  find  a 
destination  which  satisfies  the  needs  of  the  trip.   The  trip 
opportunities  from  any  zone  are  arranged  by  time  of  travel, 
but  travel  time  as  such  is  not  the  decision  variable  in  the 
analysis  (24) .   On  the  other  hand,  the  Gravity  model  is 
calibrated  using  travel  times  directly. 

The  pattern  of  responses  from  individuals  in  this  re- 
search lend  further  support  to  the  intervening  opportunities 
concept.   The  respondents  were  asked  if  they  would  consider 
shopping  at  other  locations  (Question  62),  and,  if  so,  how 
many  of  the  alternatives  would  be  closer  to  home.   Figure 
4.8  shows  a  plot  of  the  percentage  of  individuals  selecting 
the  closest  destination,  second  closest,  etc.   Clearly,  as 
would  be  expected,  the  probability  of  shopping  at  a  location 
decreases  rapidly  as  the  number  of  intervening  opportunities 
to  satisfy  the  needs  of  the  trip  increase. 
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Analysis  of  Preferences  for  Shopping  Trip 
Destination  by  Subgroups 

The  shopping  trip  descriptors  were  analyzed  for  three 
subgroups  of  the  total  set.   The  respondents  were  grouped 
into  male  and  female,  licensed  and  non-licensed  drivers  and 
length  of  time  taken  for  trip,  i.e.,  less  than  15  minutes 
and  greater  than  or  equal  to  15  minutes.   The  Kolmogorov- 
Smirnov  test  was  used  to  test  for  differences  in  the  response 
patterns  for  each  of  these  groups  (34).   The  results  are 
shown  in  Table  4.8. 

Females  show  a  greater  preference  for  the  shopping  area 
to  be  familiar,  easy  to  get  to,  and  close  to  home.   Attain- 
ment of  the  desire  is  reflected  by  the  average  reported  trip 
lengths.   Whereas  the  male  respondents  reported  average  trip 
lengths  of  4.2  miles,  the  trip  length  for  females  was  3.7 
miles. 

Non-licensed  respondents  also  perceived  familiarity  and 
ease  of  getting  to  the  intended  location  as  more  important 
than  their  counterparts.   In  addition,  since  this  group  must 
depend  on  other  means  of  transportation  such  as  taxi,  or 
bus,  or  other  members  of  the  family,  they  exhibited  a  sig- 
nificantly higher  concern  for  travel  cost.   Licensed  drivers 
who  could  drive  and  have  more  freedom  to  go  where  they  desired 
perceived  parking  cost  and  the  ability  to  shop  at  several 
stores  at  the  shopping  destination  as  more  important  than 
their  counterparts. 

Finally,  those  respondents  who  reported  trips  longer 
than  15  minutes  showed  a  significantly  greater  concern  for 
shopping  where  they  felt  they  would  have  a  wider  selection 
of  goods.   These  individuals  were  apparently  willing  to  take 
a  longer  trip  to  satisfy  this  perceived  goal. 

Summary 
Results  from  the  attitude  scaling  concurred  with  other 
research  in  the  finding  that  the  perceived  importance  of  mode 
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Table  4.8.  Kolmogorov-Smirnov  Test  for  Difference  in 
Shopping  Trip  Destination  Preferences,  by 
Subgroups . 


Generalized  Descriptor 


Familiar  area 

Shop  at  several  stores 

Employees  to  help  you 

Wide  selection 

Shortest  trip  time 

Parking  cost 

Go  where  others  shop 

Roads  not  congested 

Walking  distance  from  vehicle 

Easy  to  return  home 

Ride  to  several  stores 

Quickly  find  place  to  park 

Travel  cost 

Distance 

Pleasant  appearance 


Subgroups 


Sex 


Licensed 
Driver 


* 
* 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
* 

NO 

NO 

NO 
* 

NO 


** 
* 

NO 

NO 

NO 
* 

NO 

NO 

NO 
** 

NO 
* 

* 

NO 
NO 


Trip 
Time 

NO  a 
** 

* 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 


Number  of  Respondents 


Male 
(146) 


Female 
(203) 


Licensed 
(290) 

Non- 
Licensed 
(53) 


Trip  Length 
<15  Minutes 
(180) 

Trip  Length 
>_15  Minutes 
(166) 


a  "NO"  indicates  no  significant  difference  in  response 
pattern  at  either  the  0.05  or  0.01  significance  level 


*  Significant  at  a  =  0.05 
**  Significant  at  a  =  0.0.1 
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and  route  choice  descriptors  is  relatively  independent  of 
trip  purpose.   Reliability,  comfort  and  independence  of  others 
were  general  factors  cited  as  important  in  choice  of  mode. 
Travel  time  and  cost  which  are  typical  variables  used  in 
modal  split  analysis- were  rated  low  by  the  respondents  of 
this  study. 

In  selecting  a  route,  safety  was  perceived  as  the  most 
significant  factor.   Next  in  importance  were  concerns  for 
selecting  routes  with  less  congestion  and  strain  to  driving, 
and  selection  of  routes  which  minimize  travel  time.   These 
latter  characteristics  are  typically  the  considerations  used 
in  trip  assignment  modeling. 

Finally,  the  choice  of  a  trip  destination  for  shopping 
was  dependent  more  upon  the  characteristics  of  the  shopping 
location  itself,  than  on  the  transportation  system  serving 
the  area.   Travel  time,  distance,  and  cost  were  all  perceived 
to  be  of  small  importance.   The  conceptual  basis  of  the 
Intervening  Opportunities  distribution  model  was  supported 
by  the  results  of  the  survey. 
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CHAPTER  5.   HOUSEHOLD  TRAVEL  CHARACTERISTICS 
AND  TRIP  GENERATION  EQUATIONS 

In  this  chapter  the  analysis  concentrates  on  variables 
important  in  home  based  trip  generation  models.   Several 
aspects  concerning  household  level  travel  analysis  are  eval- 
uated.  These  include:   the  form  of  the  relationships  be- 
tween the  socioeconomic  variables  and  trip  production  rates; 
the  variance  of  trip  production  rates;  the  ability  to  esti- 
mate the  trips  reported  by  all  single  family  dwelling  units 
from  which  the  survey  sample  was  drawn;  and  the  ability  of 
household  models,  based  on  the  entire  1964  data  set,  to 
estimate  the  total  zonal  home  based  trip  productions  used 
in  IRTADS.   The  trip  generation  models  are  developed  using 
linear  regression  analysis.   The  models  considered  are  home 
based  trip  production  models.   The  variables  used  in  the 
household  equations  are  selected  to  be  comparable  to  those 
used  in  the  196  4  IRTADS  models.   Chapter  6  considers  other 
variables  which  may  also  be  relevant  at  the  household  level 
of  analysis. 

Household  Travel  Characteristics 
The  357  households  selected  from  the  1964  survey  list 
and  re-interviewed  in  1971  possessed  characteristics  which 
were  generally  equivalent  to  the  population  from  which  they 
were  drawn.   Table  5.1  shows  the  average  household  character- 
istics of  the  "population"  and  the  sample  used  in  this  study, 
The  households  in  this  study  exhibit  trip  production  rates 
which  appear  to  be  somewhat  greater  than  the  sample  from 
which  they  were  drawn,  but  these  differences  are  consistent 
with  the  larger  labor  force,  auto  ownership  rate  and  income 
levels  of  these  households.   The  form  of  the  relationships 
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between  family  size,  auto  ownership,  and  income;  and  the 
home  based  trips  produced  by  the  households  are  given  the 
greatest  attention  since  these  are  the  variables  found  to 
be  most  often  associated  with  trip  production.   Figures  5.1, 
5.2  and  5.3  provide  a  graphical  summary  of  these  relation- 
ships for  the  households  selected  for  this  research.   The 
cross  classification  tables  appear  in  Appendix  B.   The  points 
on  the  Figures  represent  average  trip  production  rates  for 
each  level  of  the  variable  on  the  horizontal  axis. 

Figure  5.1  indicates  the  relationship  between  family 
size  and  home  based  trip  production.   Two  aspects  of  these 
curves  should  be  given  special  consideration.   First  of  all, 
family  size  has  a  linear  relationship  with  trip  production 
for  family  sizes  of  four  or  less  but  as  family  size  increases 
the  rate  of  trip  production  increases  at  a  decreasing  rate. 
This  overall  nonlinear  trend  agrees  with  the  findings  re- 
ported by  Oi  and  Shuldiner  (30) .   Since  trip  generation 
models  generally  assume  linear  relationships,  large  depar- 
tures from  linearity  could  have  important  effects  on  these 
prediction  models.   The  analyst  must  recognize  where  the 
assumptions  of  the  model  are  not  met,  and  the  consequences 
of  using  the  variable  or  model  formulation  in  spite  of  these 
irregularities.   Statistical  tests  are  available  to  test  for 
lack  of  fit  of  a  linear  model.   These  tests,  and  the  impli- 
cations of  adopting  alternate  variable  inputs  are  discussed 
later  in  conjunction  with  linear  regression  models. 

The  other  significant  observation  to  be  made  from 
Figure  5.1  is  the  relatively  good  agreement  of  the  curves 
for  the  two  data  sets.   Although,  as  illustrated  in  Table 
5.1,  the  family  composition  has  changed  over  the  years,  as 
obviously  has  the  age  structure,  the  average  trip  production 
for  families  of  similar  size  for  the  two  periods  are  rela- 
tively stable.   This  again  has  important  implications  in 
developing  models  of  travel  behavior.   The  stability  of  the 
form  of  the  relationship  indicates  a  possible  causal 
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relationship  between  family  size  and  trip  production.   If 
the  relationship  between  the  dependent  and  independent  vari- 
ables remains  stable  over  time,  this  relationship  should  be 
useful  in  forecasting  models.   This  relationship  has  far 
more  meaning  than  other  relationships  which  may  have  higher 
linear  associations,  but  do  not  possess  the  quality  of  causal 
validity  and  stability.   The  family  size  variable  has  the 
distinction  of  having  both  relative  stability  and, relatively 
strong  correlation  with  trip  production.   The  linear  corre- 
lation between  family  size  and  home  based  travel  is  0.52; 
this  is  considered  high  for  analysis  at  the  disaggregate 
level . 

The  relationship  of  income  and  trip  production  shown  in 
Figure  5.2  also  exhibits  nonlinear  tendencies.   In  fact,  the 
1971  data  set  which  allowed  a  finer  breakdown  of  the  high 
income  categories,  indicates  that  the  average  trip  produc- 
tion rate  actually  stabilizes  at  incomes  above  $15,000.   Due 
to  changing  values  of  the  dollar  and  changes  in  buying  power, 
the  effect  of  changes  in  the  income  variable  are  more  diffi- 
cult to  assess  than  fixed  variables  such  as  family  size. 
To  account  for  differences  in  buying  power  of  a  dollar  over 
the  seven  years,  a  deflation  factor  based  on  1970  income 
census  data  was  applied  (39).   Although  the  reported  incomes 
in  Indianapolis  increased  at  an  annual  rate  of  6.7  percent, 
the  census  reported  that  the  annual  rate  of  increase  in 
constant  dollars  during  the  past  decade  was  only  3  percent. 
Therefore  the  incomes  reported  in  1971  were  multiplied  by 
the  factor  0.80  to  approximate  the  1964  dollar.   The  adjusted 
income  line  in  Figure  5.2  shows  considerable  agreement  with 
the  196  4  curve  within  the  range  for  which  comparable  data 
were  available. 

Finally,  Figure  5.3  shows  the  corresponding  curves  for 
auto  ownership.   The  curve  exhibits  strong  linear  trends 
with  greater  fluctuation  from  linearity  exhibited  in  the 
1971  data.   However,  the  slope  and  intercept  of  the  lines, 


75 


and  thus  the  effect  of  auto  ownership  on  trip  production, 
appears  to  have  shifted  over  the  years.   The  effect  of 
changes  over  time  in  the  response  variable  may  be  statisti- 
cally evaluated.   This  will  be  accomplished  in  conjunction 
with  linear  regression  estimation  models,  but  the  practical 
significance  of  such  a  shift  is  reiterated  here.   Unless  a 
shift  in  the  values  of  model  parameters  is  detected  by  ob- 
servation at  intervals  less  than  the  planning  period  for 
which  forecasts  are  made,  the  final  estimate  could  yield 
considerable  error.   As  pointed  out  earlier,  one  of  the  ma- 
jor deficiencies  of  the  aggregate  models  is  that  large  quan- 
tities of  data  are  gathered  at  a  single  point  in  time; 
since  funds  to  obtain  similar  data  sets  are  not  available 
for  the  continuing  phase,  the  planner  must  be  content  to 
assume  the  correctness  of  the  estimates  over  the  planning 
period,  or  adjust  the  original  estimates  by  forcing  the 
original  projections  in  the  direction  of  the  observed  chan- 
ges.  This  forcing  process  leaves  the  analyst  with  the  task 
of  continually  searching  for  the  next  discrepancy  to  appear. 
Without  understanding  the  "why"  of  the  change,  one  cannot 
really  hope  to  find  an  objective  explanation  which  will  pro- 
vide an  adequate  estimate  of  all  changes  which  should  be 
expected.   Such  objective  analysis  can  only  be  obtained  by 
analyzing  the  subtle  changes  which  occur  at  the  decison 
level. 

The  limitations  of  aggregate  models  were  illustrated 
in  Chapter  2.   These  models  do  not  provide  true  estimates 
of  travel  behavior  because  they  attempt  to  explain  only  the 
variation  which  exists  between  the  mean  trip  rates  of  the 
zones.   Due  to  the  skewed  distribution  of  the  household 
variables,  these  mean  zonal  rates  are  not  representative  of 
all  individual  household  which  compose  that  mean.   As  a 
result,  the  true  relationships  are  not  measured.   Further, 
the  regression  modeling  technique  assumes  that  the  variance 
of  the  data  within  the  zones  are  equal.   Again,  other 
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research  has  shown  this  assumption  is  unwarranted  (10,25). 
This  is  further  substantiated  in  the  zonal  data  for  Indiana- 
polis.  Bartlett's  test  for  homogeneity  of  variance  shows  a 
significant  heterogeneity  of  variance  beyond  the  0.001  level 
of  significance. 

This  research  suggests  that  the  analysis  of  travel  be- 
havior should  be  conducted  at  the  household  level.   This 
approach  does  not  wash  out  the  variations  in  travel  behavior, 
but  rather,  it  attempts  to  understand  the  significance  of 
the  variations  and  to  explain  these  variations  in  the  model. 
While  the  disaggregate  analysis  avoids  the  loss  of  informa- 
tion due  to  aggregation,  the  homogeneity  of  variance  assump- 
tion must  still  be  considered.   Therefore,  before  discussing 
linear  regression  models  for  estimating  household  travel, 
the  homogeneity  assumptions  of  the  disaggregate  data  will  be 
reviewed  and  the  significance  of  the  household  variables 
tested. 

Reviewing  the  distribution  of  variance  of  household 
trip  production  at  all  levels  of  the  independent  variables 
shows  that  the  household  level  analysis  does  not  provide  a 
neat  solution  to  all  of  the  problems  associated  with  hetero- 
scedasticity  of  variance  in  model  development.   Table  5.2 
provides  a  typical  example  of  the  degree  of  variation  in  the 

data  at  the  household  analysis  level.   The  table  exhibits 

2 
the  variance,  S.  ,  of  home  based  trips  for  seven  levels  of 

family  size  (i=l,7).  Variation  in  auto  ownership  and  income 
categories  exhibit  similar  characteristics  but  are  not  given 
here. 

The  variance  over  all  levels  of  family  size  exhibits 
a  considerable  range,  however,  it  is  noted  that  the  magni- 
tude of  the  variance  is  proportional  to  the  mean  of  the  de- 
pendent variable.   Comparison  of  the  coefficient  of  varia- 
tion at  each  level  indicated  that  the  deviation,  expressed 
as  a  fraction  of  the  mean  trip  rate,  is  quite  stable. 
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Table  5.2.   Distribution  of  Variance  in  Household  Travel  for 
Varying  Family  Size  Levels. 


Family    Number  of       Mean       Variance     Coefficient  of 

Size    Observa-        tt  g2 

Levels      tions  i  i 


s./x. 

l   l 


1 

21 

2.24 

1.99 

2 

89 

4.40 

5.68 

3 

80 

6.63 

13.43 

4 

70 

8.77 

27.72 

5 

47 

9.68 

21.70 

6 

26 

12.62 

56.17 

7  + 

24 

12.42 

36.51 

.63 

.54 
.55 
.60 
.48 
.59 
.49 


Bartlett's  test  for  homogeneity  of  variance  shows  that 
the  variances  are  significantly  different  (a  =  0.001),  just 
as  was  true  for  the  aggregated  data  (6) .   The  relation  be- 
tween the  variance  and  the  mean  suggested  that  the  depen- 
dent variable  is  not  normally  distributed,  but  may  be  more 
appropriately  described  by  a  Poisson  distribution.   This  is 
substantiated  by  the  frequency  distribution  of  Figure  5.4. 
A  square  root  transformation  is  therefore  suggested  to  norm- 
alize the  distribution.   This  transformation  considerably 
reduced  the  degree  of  heteroscedasticity ,  but  the  variances 
were  still  non-homogeneous  over  the  classes. 

Box  has  considered  the  problem  of  homogeneity  of  vari- 
ance and  has  found  that  an  analysis  of  variance  to  test  for 
difference  in  means  was  capable  of  withstanding  quite  a 
degree  of  heteroscedasticity  (3) .   In  addition,  it  was  con- 
cluded that  if  the  weighted  variance  is  less  than  the  un- 
weighted variance  of  the  k  levels,  one  would  tend  to  over- 
state the  significance  of  the  variables  and,  vice  versa. 
The  weighted  variance  is  expressed  as: 

k 

I        (n.  -  1)  S.2/(N  -  k) 
i=l 

where 

n.  =  number  of  observations  in  level  i; 

l 

k   =  number  of  levels;  and 

N   =  total  number  of  observations 

The  unweighted  variance  is  expressed  as: 


I     s.2A 

i=l 
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FIGURE      5.4       HOME      BASED      TRIP     FREQUENCY      DISTRIBUTION 
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Thus,  if  the  computed  F  ratio  is  insignificant  at  the  nomi- 
nal level  of  significance,  the  variable  would  certainly  be 
insignificant.   On  the  other  hand,  if  the  F  ratio  is  sig- 
nificant at  the  nominal  level,  the  confidence  in  the  state- 
ment of  significance  at  that  nominal  level,  a  ,  cannot  be 
as  strong  since  one  tends  to  overstate  the  significance  of 
the  variable.   The  data  evidenced  here  gives  a  weighted 
variance  less  than  the  unweighted  variance  so  one  might  tend 
to  overstate  significance. 

Bearing  the  above  relationships  in  mind,  two-way 
analysis  of  variance  with  unequal  cell  sizes  was  conducted 
to  test  for  significance  of  the  relationships  between  family 
size,  auto  ownership,  and  income;  and  the  dependent  variable, 
home  based  trips.   The  analysis  of  variance  is  based  upon  a 
fixed  effect  model;  i.e.,  the  levels  of  the  factors  are  not 
random  samples  from  an  infinite  population  of  all  possible 
levels,  but  are  the  levels  of  interest  in  this  investiga- 
tion.  The  results  of  the  ANOVA  for  the  357  households  are 
shown  in  Table  5.3.   To  obtain  the  most  information  possible 
from  the  available  data,  the  groups  were  stratified  to 
levels  which  would  allow  an  adequate  sample  size  in  each 
level.   For  the  1964  data  set  shown  here,  income  was  strati- 
fied into  three  levels:   less  than  $5,000,  $5,000  to  $7,999, 
and  greater  than  $8,000.   Family  size  was  stratified  into 
seven  levels  for  the  comparison  with  auto  ownership,  but 
only  four  stratifications  were  considered  for  the  model  in 
which  the  second  factor  was  income.   Family  sizes  of  four 
or  more  were  grouped  together  in  this  model.   The  auto  owner- 
ship groups  were  zero  car,  one  car,  and  multi-car  stratifi- 
cations. 

All  main  effects  were  found  to  be  significant  (a      - 
0.01).   Interaction  was  significant  only  for  the  family  size- 
income  combination.   The  significance  of  all  main  effects 
indicated  that  these  variables  would  be  important  determin- 
ants in  a  linear  regression  model  of  trip  generation. 
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Household  Trip  Prediction  Equations  for 
Estimating  Trips  from  Single  Family  Dwelling  Units 
The  4300  households  from  which  the  survey  sample  was 
drawn  were  located  in  313  zones  of  the  study  area.   Since 
the  present  transportation  modeling  system  requires  zonal 
inputs  for  distribution  and  assignment,  it  is  necessary  to 
estimate  trip  generation  inputs  at  this  zonal  level. 

In  the  usual  planning  process  a  model  is  calibrated 
using  current  data  and  then  forecasts  are  made  for  all  the 
independent  variables.   The  model  is  then  applied  to  fore- 
cast future  travel.   In  this  research  the  model  based  on 
1964  data  from  the  357  households  was  first  used  to  estimate 
the  home  based  trips  which  should  be  reported  in  1971  if  the 
model  is  a  good  predictive  model.   Then  the  regular  planning 
process  was  essentially  reversed  in  that  a  model  developed 
from  the  19  71  survey  was  taken  back  in  time  and  compared  with 
a  household  model  based  on  data  collected  in  1964.   Each  of 
these  models  was  evaluated  for  its  ability  to  estimate  total 
reported  trips  of  the  4300  single  family  units  from  which 
the  sample  was  drawn.   If  the  form  of  the  relationships  are 
correct,  and  the  household  relationships  are  stable  as 
hypothesized,  travel  estimates  from  the  1971  model  should 
compare  favorably  with  the  estimates  from  the  1964  model. 

Test  of  Assumptions  of  Household  Model  Trip 
Generation  Equations 
As  indicated  earlier,  the  dependent  variable,  household 
trip  production,  is  not  normally  distributed.   Further,  the 
variances  are  not  homogeneous  at  each  level  of  the  indepen- 
dent variable.   Although  this  does  not  preclude  the  use  of 
linear  regression  analysis  to  estimate  the  parameters  of 
the  model,  one  may  not  be  able  to  make  probablistic  state- 
ments about  the  accuracy  of  estimated  trip  productions  with 
the  degree  of  confidence  that  is  usually  associated  with  the 


statistical  tests.   Recognizing  these  limitations,  linear 
regression  analysis  was  used  to  evaluate  the  ability  of  dis- 
aggregate household  models  to  estimate  aggregate  travel. 

Table  5.4  presents  the  results  of  the  linear  models  for 
estimating  home  based  trip  production.   As  was  expected, 
the  parameters  of  the  model  have  shifted  somewhat  over  time. 
The  degree  of  change  is  in  agreement  with  observations  made 
from  Figures  5.1  and  5.3.   That  is,  the  parameter  for  fam- 
ily size  is  very  similar  over  the  period  while  auto  owner- 
ship has  greater  variability. 

Two  way  analysis  of  variance  models  (ANOVA)  were  evalu- 
ated to  test  the  influence  of  the  variables  over  time.   The 
time  factor  may  be  labeled  simply  as  a  years  effect,  but 
years  is  considered  only  as  a  surrogate  for  the  effect  of 
changes  in  other  possible  pertinent  variables  such  as  income, 
and  stage  in  the  family  life  cycle.   When  the  effect  of 
years  and  family  size  were  examined,  only  family  size  explain- 
ed a  significant  portion  of  the  variation  in  home  based 
travel.   On  the  other  hand,  the  effect  of  time  was  a  signifi- 
cant factor  when  all  levels  of  auto  ownership  were  consid- 
ered.  Over  the  seven  years  of  this  study  the  effect  of  auto 
ownership  level  has  changed.   From  Figure  5.3  one  could 
speculate  that  the  change  occurred  primarily  in  the  zero  car 
and  the  three  car  households.   Indeed,  when  only  one  and  two 
car  households  were  considered,  there  was  not  a  significant 

variation  due  to  time  changes. 

2 
The  coefficient  of  determination,  R  ,  and  the  standard 

error  of  the  estimate  provide  other  measures  for  comparing 
the  two  models.   The  coefficient  of  determination  is  a  mea- 
sure of  the  percent  of  the  variation  which  is  explained  by 
the  model  and  the  standard  error  of  the  estimate  is  a  mea- 
sure of  the  spread,  or  the  expected  limits,  of  the  predicted 
variable.   Both  models  give  very  similar  statistics  for  these 
measures  but,  for  the  analyst  who  is  accustomed  to  observing 
R   values  around  0.90  for  zonal  data,  they  are  unimpressive. 
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These  values  were  not,  however,  unexpected  as  the  models 
are  attempting  to  explain  all  of  the  variation  in  trip  pro- 
duction —  not  just  the  variation  between  zones.   Within 
any  household  the  number  of  trips  reported  may  be  two  to 
three  times  the  average  rate  of  trip  productions  of  all 
households  of  similar  characteristics.   The  household  model 
formulated  here  can  not  hope  to  be  able  to  predict  these 
large  variations  for  each  household.   The  measure  of  the 
usefulness  of  the  household  model  for  forecasting  trip  pro- 
duction must  be  based  on  its  ability  to  predict  average 
travel  for  some  higher  level  of  aggregation.   If  the  model 
is  successful  in  accomplishing  this  task,  then  model  de- 
velopment at  the  household  level  would  be  of  value  to  the 
researcher  as  a  means  of  evaluating  causal  relationships  at 
a  behavioral  level  and  to  the  practitioner  for  developing 
area  travel  forecasts. 

Before  aggregated  estimates  of  travel  were  made,  the 
assumption  of  linearity  of  the  response  surface  was  also 
tested.   Since  repeat  measurements  of  the  dependent  variable 
have  been  made  at  each  level  of  the  independent  variables, 
the  linearity  assumption  can  be  tested  by  obtaining  a  "pure 
error"  variance  which  is  used  to  test  for  lack  of  fit  of  the 
model  (8).   The  test  is  of  course  restricted  to  the  same 
comments  referred  to  earlier,  i.e.,  this  assumes  that  the 
variances  are  homogeneous.   The  complete  analysis  of  variance 
table  for  the  1971  regression  model  is  given  in  Table  5.5. 
The  F  ratio  for  regression  is  significant  (F„  35~  0  95  ~ 
3.0).   The  test  for  lack  of  fit,  however,  also  indicates  that 
the  response  surface  may  not  be  linear  (F32  322  n  99  =  1-8) . 

Further  tests  of  lack  of  fit  were  made  for  the  two 
variables  taken  individually.   Taken  alone,  the  lack  of  fit 
variance  for  auto  ownership  was  found  to  be  insignificant. 
There  was  a  significant  lack  of  fit  for  the  family  size  vari- 
able; the  calculated  F  was  4.2  and  F,  349  Q    g9  =  2.9.   After 
adding  a  second  order  term  for  family  size,  the  lack  of  fit 
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Table  5.5.   Lack  of  Fit  Test  of  1971  Household  Linear 
Regression  Model. 


Source 

Sum  of 

Degrees  of 

Mean 

F-Ratio 

Squares 

Freedom 

Square 

Regression 

3412 

2 

1706 

98.2** 

Residual 

6149 

354 

17.4 

Lack  of  Fit 

1268 

32 

39.7 

2.6** 

Pure  Error 

4881 

322 

15.2 

**Signif icant  at  0.01  Level 


variance  was  no  longer  significant. 

The  above  results  indicate  that  the  model  should  in- 
clude a  second  order  term  for  family  size  to  provide  a  bet- 
ter understanding  of  the  response  surface.   However,  as  will 
be  shown,  inclusion  of  a  second  order  term  in  the  model  has 
important  implications  at  the  operational  stage  when  expand- 
ing the  household  equation  to  obtain  estimates  of  total 
trips  produced  in  the  study  area. 

Estimating  1971  Home  Based  Trip  Productions 
The  1964  household  trip  generation  model  given  in  Table 
5.4  was  used  to  estimate  home  based  trip  production  for  the 
same  families  in  1971.   The  total  estimated  home  based 
travel  from  these  households  was  2542  trips  compared  to  the 
observed  production  of  2498  trips.   The  1964  model  was  suc- 
cessful in  estimating  the  trips  reported  with  an  error  of 
less  than  two  percent. 

Sufficient  data  were  available  in  the  one  and  two  car 
households,  and  all  family  size  levels  to  statistically  eval- 
uate discrepancies  in  the  estimated  and  surveyed  trips  using 
a  chi-square  contingency  analysis  (6) .   The  null  hypothesis 
of  no  difference  in  the  trip  rates  could  not  be  rejected  at 
the  0.01  significance  level.   Visual  inspection  of  zero  and 
three  car  families  also  did  not  show  any  major  discrepancies. 

The  household  equation  was  remarkably  successful  in 
estimating  trip  production  for  these  households.   Of  course, 
the  independent  variables  in  the  prediction  of  1971  trips 
were  known  exactly  at  each  household.   This  is  a  luxury  which 
is  not  available  in  the  operational  study,  but  it  does  exhib- 
it the  faithfulness  of  the  model  for  estimation  even  though 
all  theoretical  considerations  of  linear  regression  are  not 
met. 


Expansion  of  Disaggregate  Single  Family  Dwelling  Unit 
Equations  to  Obtain  Zonal  Trips 
The  statistical  weaknesses  of  the  household  trip  gen- 
eration model  have  been  outlined.   Although  the  statistical 
evaluations  show  that,  as  in  zonal  analysis,  the  assumptions 
used  in  development  of  the  model  are  not  always  met;  the 
household  equations  must  still  be  tested  for  the  ultimate 
goal  of  estimating  total  travel.   Estimates  of  total  travel 
in  each  zone  could  be  obtained  by  summing  the  predicted 
trips  from  the  individual  households  as  follows: 


Y,  .  =  a  +  b,  X.,  .  +  b„  X, ,, .  +  b.  X,,  .  .  .  .  +  b   X,  . 

1]         1   llj     2   12]     k  Ik]         m   lmj 

Y„  .  =  a  +  b,  X-,  .  +  b~  X„„.  +  b,  X»,  .  .  .  .  +  b   X„  . 
2j         1   21]     2   22]     k   2k]         m   2m] 

Y  .  =  a  +  b,  X  ,  .  +  b~  X  „  .  +  b,  X  ,  .  +  b   X 

nj         1   nl]     2   n2]     k   nk]         m   nmj 

where 

Y. .    =  trips  produced  in  household  i  of  zone  j; 

X. .,   =  the  value  of  the  independent  variable  k  for 

1]K 

household  i  in  zone  j ; 
b,     =  parameter  for  variable  k; 
a      =  constant  of  the  regression  model; 
n      =  number  of  households  in  zone  j ;  and 
m     =  number  of  independent  variables  in  the  model. 

If  all  of  the  independent  variables  are  linear,  the 
total  trips  in  a  zone  can  more  easily  be  determined  by  sum- 
ming all  household  characteristics  to  a  zonal  total  and  then 
applying  the  appropriate  model  parameter.   The  resulting  ex- 
pression would  be: 

n  n  n 

Y  .  -  na  +  b,  (I  X,  .  )  +  b„  (Z  X0  . )  .  +  b.   (Z  X,  . )  ... 

n 

+  b   (Ex.) 
m     m  j 
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That  is  to  say  that,  obtaining  zonal  estimates  is  a  matter 

of  summing  trips  produced  at  each  household  in  the  zone. 

It  is  not  necessary  that  one  be  able  to  forecast  values  of 

the  independent  variables  for  each  household;  but  rather, 

just  as  in  the  zonal  regression  model,  it  is  only  necessary 

to  obtain  zonal  estimates  of  the  independent  variables. 

n 
This  is  true  because  mathematically  E  b,  X,  .  is  equivalent 

to  b,  EX...   Of  course,  if  the  variables  used  are  not  lin- 
ear, this  one  to  one  comparison  no  longer  exists.   For 
example: 

n  n 


2  ,   ,   ,  r   ..   ,2 
ij 


y    b. (x. .)2  f  b. (  y 

i=l  i=l 

Table  5.6  shows  the  results  of  expanding  the  household  equa- 
tions to  obtain  estimates  of  the  home  based  trips  reported 
by  the  4300  households  from  which  the  survey  sample  was  se- 
lected.  Several  interesting  elements  are  noted  in  the 
results.   First,  when  the  household  equations  are  expanded 
to  obtain  zonal  estimates,  the  percent  of  the  variation  ex- 
plained is  increased  while  the  standard  error,  expressed  as 
a  percent  of  the  mean  value,  is  reduced.   The  adjusted  values 
are  similar  to  values  which  are  found  in  zonal  regression 
analysis.   Although  the  household  equations  could  only  ex- 
plain about  30  percent  of  the  variation  in  household  home 
based  travel,  the  equations  explain  96  percent  of  the  varia- 
tion which  occurs  in  larger  units  of  aggregation. 

Secondly,  the  mean  of  the  residuals  is  small  compared 
to  the  mean  of  the  dependent  variable.   Even  though  the 
household  equation  indicated  lack  of  fit  in  the  model  and 
the  residuals  exhibited  a  linear  trend  with  the  dependent 
variable,  these  deficiencies  are  averaged  out  when  the  model 
is  used  to  obtain  areal  estimates.   Sample  plots  of  the  dis- 
tribution of  residuals  and  the  relation  between  observed  and 
predicted  zonal  trips  are  shown  in  Figures  5.5  and  5.6  of 


90 


the  next  section. 

The  final,  and  most  important  point  to  be  drawn  from 
Table  5.6  is  the  comparability  of  estimates  obtained  from 
the  two  data  sets.   The  1971  model  estimated  the  zonal  trip 
productions  reported  in  1964  with  the  same  statistical  ef- 
ficiency as  was  possible  with  the  1964  household  data  set. 
This  supports  the  basic  hypothesis  of  this  research,  i.e., 
analysis  at  the  household  level  should  provide  relationships 
which  are  more  meaningful  and  these  relationships  should  re- 
main stable  over  time.   Over  a  period  of  time  the  relation- 
ships may  shift.   In  the  past,  the  possibility  of  such  shifts 
may  have  been  recognized,  but  the  aggregate  analysis  level 
made  it  impossible  for  the  planner  to  obtain  sufficient  data 
to  detect  the  changes  in  the  aggregate  models.   Unlike  the 
aggregate  models  in  which  several  households  are  averaged 
together  before  any  analysis  is  undertaken,  analysis  at  the 
household  level,  allows  each  piece  of  data  to  be  used  to 
reflect  changes  which  are  occurring  in  that  household.   Sub- 
tle changes  which  may  be  due  to  changes  in  auto  ownership 
levels,  increased  participation  of  females  in  the  labor 
force,  increased  recreational  time,  etc.,  can  be  observed 
more  efficiently  at  this  disaggregate  analysis  level. 

Expansion  of  Disaggregate  Equations  from 
All  Dwelling  Units  to  Obtain  Zonal  Trips 
It  is  recognized  that  the  357  single  family  units  se- 
lected in  this  research  provide  a  limited  inference  space  in 
that  they  represent  only  a  portion  of  the  total  population. 
The  models  developed  for  this  sample  can  be  expanded  to  give 
acceptable  estimates  of  travel  for  the  households  from  which 
they  were  selected,  but  would  the  same  be  true  if  one  were 
to  use  a  sample  of  all  household  and  family  characteristics? 
Further,  these  models  have  been  expanded  to  obtain  estimates 
of  reported  trips  of  the  households  from  which  the  sample 
was  drawn;  can  these  models  be  expanded  to  determine  the 


91 


Table  5.6.   Summary  Statistics  of  Single  Family  Household 
Equations  Expanded  to  Obtain  Zonal  Travel 
Estimates . 


1964     1971 

Adjusted  R2  0.96     0. 96 

Adjusted  Standard  Error  of  Estimate  18.4  19.0 

Mean  of  Zonal  Tripsa  95.8  95.8 

Mean  of  Residuals  -4.1  -4.1 

Slope:  Y      ./Y    ,.     ,  0.98     0.98 

c  actual   predicted 

Dependent  Variable  is  1964  Zonal  Home  Based  Trips 

Number  of  Zones  =  313 

Household  Models  Based  on  357  Observations 


factored  trip  volumes  which  represent  the  trips  of  the  total 
population  in  the  study  area?   Would  these  model  parameters 
remain  stable  over  time  in  the  same  way  as  the  survey 
sample?   The  first  two  questions  can  be  evaluated  in  this 
research  by  developing  models  of  home  based  travel  using  the 
household  data  from  the  entire  IRTADS  home  interview  data 
set. 

Household  trip  generation  models  were  developed  using 
the  same  variables  as  were  used  in  the  zonal  estimates  per- 
formed for  IRTADS  (14).   Models  were  developed  for  total 
home  based  trips,  as  well  as  for  the  trip  purpose  stratifi- 
cations of  work,  shop,  school  and  all  other  purposes.   The 
variables  used  by  IRTADS  and  the  associated  statistics  are 
given  in  Table  5.7.   The  household  equations  for  all  house- 
hold types  have  the  same  weaknesses  as  the  single  family 
equations.   However,  like  the  single  family  models,  adjust- 
ment of  the  equations  to  predict  zonal  travel  provides  ac- 
ceptable estimates  of  zonal  trips.   Table  5.8  contains  the 
adjusted  statistics  for  expansion  of  the  household  equations. 
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Three  comments  are  necessary  when  comparing  the  results  of 
Tables  5.7  and  5.8.   First,  all  equations  in  Table  5.7  are 
based  on  data  from  389  zones,  while  the  household  equations 
are  expanded  to  represent  travel  from  only  326  zones.   The 
reduction  is  due  to  elimination  by  the  researcher  of  all 
zones  in  which  there  were  no  dwelling  units  or  labor  force. 
Secondly,  it  was  not  possible  to  develop  an  adequate  home 
based  shop  model  using  the  same  variables  selected  by  IRTADS. 
To  include  single  family  units  in  household  analysis,  dummy 
variables  would  be  required  (37).   Estimates  of  the  number 
of  different  structure  types  in  each  zone  were  not  readily 
available,  but  some  assumptions  were  made  to  include  these 
in  the  model.   Predictions  from  this  model  were  not  accept- 
able, however,  and  are  not  included  here.   Instead,  the  home 
based  shopping  model  used  auto  ownership  and  family  size 
variables.   Finally,  the  home  based  school  model  using  auto 
ownership  was  found  to  be  inadequate  and  is  not  reported. 
The  household  model  parameters  are  listed  in  Table  5.9. 


Table  5.9.   Linear  Regression  Parameters  for  Household  Models 
Based  on  Entire  1964  Data  Set. 


Dependent  Variable   Independent  Variables 


Home  Based  Trips 
Home  Based  Work 
Home  Based  Shop 
Home  Based  Other 


Constant 

Family  S 

ize 

Autos 

Labor 
Force 

-.232 

1.015 

2.148 

-- 

.173 

-- 

— 

1.352 

.035 

.144 

.437 

-- 

-.123 

.351 

.  856 

— 

Visual  inspection  of  the  ability  of  the  household  equa- 
tions to  estimate  zonal  travel  is  afforded  by  inspection  of 
Figure  5.5.   This  is  a  plot  of  predicted  zonal  home  based 
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trips  against  total  zonal  trip  estimates  derived  by  IRTADS. 
If  the  model  predicted  perfectly,  all  points  should  fit  a 
45  degree  line  passing  through  the  origin.   The  actual 
regression  line  exhibited  a  slope  coefficient  of  1.00  and  a 
constant  term  of  -45.   This  constant  term  is  only  one  percent 
of  the  mean  zonal  trips;  the  model  was  therefore  accepted  as 
a  good  fit  of  the  data. 

The  residuals  were  examined  by  plotting  the  travel  vol- 
umes against  the  residuals.   This  plot  exhibited  a  random 
scatter  of  points.   Further,  Figure  5.6  shows  a  histogram 
of  the  residual  distribution.   Ideally,  this  plot  should  ex- 
hibit a  normal  distribution  with  a  mean  value  of  zero.   In 
this  study  it  was  found  that,  although  the  household  data 
did  not  meet  all  the  assumptions  for  linear  regression  at 
the  household  level,  residuals  from  the  expanded  equation 
did  meet  the  criteria  of  independence  and  normality. 

Comparison  of  the  prediction  ability  of  the  household 
models  with  zonal  totals  models  indicates  that  the  household 
models  produce  estimates  with  greater  variation.   It  must 
be  noted,  however,  that  parameters  of  the  IRTADS  zonal  equa- 
tions are  estimated  to  produce  the  minimum  error  in  the 
zonal  productions.   By  definition,  the  sum  of  residuals  must 
be  zero.   These  zonal  parameters  are  applicable  only  to  the 
level  of  analysis  for  which  they  are  developed.   On  the 
other  hand,  the  parameters  for  the  household  models  are 
estimated  to  produce  minimum  error  at  the  household  level. 
The  mean  of  the  residuals  at  the  household  level  must  by 
definition  be  zero,  but  generally  there  can  be  no  assurance 
that  the  residuals  will  be  zero  when  the  model  is  used  to 
estimate  larger  area  travel.   The  degree  to  which  the  mean 
residual  error  approaches  zero  provides  another  measure  of 
the  applicability  of  the  expanded  equation.   In  this  study 
the  maximum  average  residual  error,  expressed  as  a  percent 
of  the  mean,  is  1.8  percent  for  home  based  shopping  trips. 
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Potential  for  Data  Reduction  in  Continuing  Study 
It  has  been  stated  that  analysis  at  the  household  level 
would  allow  the  transportation  analyst  to  evolve  models  us- 
ing the  available  data  more  efficiently.   Since  each  piece 
of  data  is  being  used  in  the  forecast  model,  the  data  base 
could  presumably  be  smaller  with  a  resultant  savings  in  in- 
ventory cost.   In  this  chapter,  it  has  been  shown  that  the 
household  model  can  be  expanded  to  produce  total  area  travel 
estimates  with  nearly  the  same  efficiency  as  the  zonal  models 
which  are  formulated  with  the  expressed  purpose  of  providing 
the  best  description  model  possible.   However,  since  both 
models  investigated  to  this  point  have  used  the  same  basic 
data  set  which  includes  over  10,000  home  interviews,  there 
has  been  no  indication  that  the  household  modeling  approach 
would  save  data  collection  expenditures.   To  estimate  the 
savings  possible  it  would  be  necessary  to  conduct  a  full 
scale  analysis  of  sampling  variability  and  expected  errors. 
From  this  analysis  the  ideal  sample  size  necessary  to  obtain 
estimates  within  desired  confidence  limits  could  be  deter- 
mined.  In  this  research  a  single  sub-sample  was  drawn  to 
determine  the  order  of  magnitude  of  sample  size  reduction 
which  might  be  possible.   This  sub-sample  was  equivalent  to 
a  one  percent  sampling  rate,  whereas  the  IRTADS  sample  was 
designed  as  a  five  percent  sample.   Table  5.10  repeats  the 
adjusted  household  equations  given  in  Table  5.9  for  the  five 
percent  sample  and  provides  the  comparable  statistics  for 
the  one  percent  sample  (2240  cases) .   The  ability  of  the  two 
household  equations  to  predict  total  travel  is  very  similar. 
The  standard  error  of  the  estimate  is  actually  somewhat 
smaller  for  the  smaller  sample  size  but,  on  the  other  hand, 
the  mean  residual  is  larger. 

Certainly  additional  research  is  required  to  determine 
the  limits  on  sample  size  necessary  for  estimating  travel. 
Also,  consideration  must  be  given  to  the  data  requirements 
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Table  5.10, 


Comparison  of  Predictive  Ability  of  Household 
Models  Based  on  a  Five  Percent  Sample  and  a 
One  Percent  Sample. 


Sample  Size  (Households) 
10532  2240 


Adjusted  R 

Adjusted  Standard  Error 
of  the  Estimate 

Mean  of  Zonal  Trips 

Mean  Residual 

Slope:  Y   .   ,  /Y    , .  .   , 
r    actual'  predicted 


0.92 

948 

3947 

-20 

1.01 


0.  92 

922 
3947 
+  56 
1.02 


Household  equations  expanded  to  estimate  home  based  travel 
in  326  zones. 


of  other  aspects  of  travel  forecasting,  i.e.,  trip  attraction, 
distribution,  modal  split  and  assignment.   In  the  continuing 
study,  the  analyst  must  determine  the  degree  to  which  the 
existing  calibrated  models  can  simulate  changing  travel  pat- 
terns.  Will  the  sample  size  which  provides  adequate  infor- 
mation about  changes  in  trip  generation  rates  also  provide 
sufficient  data  to  evaluate  changing  attitudes  and  patterns 
of  spatial  distribution  and  mode  choice?   Behavioral  model 
research  for  the  other  planning  models  may  also  indicate 
similar  efficiency.   Careful  planning  of  the  survey  design 
may  provide  information  adequate  for  development  of  all 
disaggregate  models.   If  knowledge  of  the  complexities  of 
travel  behavior  can  be  attained  at  this  disaggregate  level, 
the  analysis  could  be  conducted  at  this  level  and  then  ag- 
gregation may  proceed  to  whatever  level  is  necessary.   The 
important  item  to  emphasize  is  that  the  disaggregate  model 
approach  is  sensitive  to  changes  which  occur  at  the  behavior- 
al level  and  therefore  provides  a  means  to  measure  changes. 
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This  is  an  essential  consideration  as  the  transportation  an- 
alyst considers  the  changing  conditions  which  occur  during 
the  continuing  planning  process.   After  evaluation  of  these 
changes  at  the  behavioral  level,  aggregation  may  proceed  to 
whatever  analysis  unit  is  necessary. 

Comparison  of  Model  Parameters  in 
Different  Urban  Areas 

Evaluation  of  travel  data  at  the  household  level  of 
analysis  provides  a  common  base  for  comparing  travel  char- 
acteristics in  different  urban  centers.   Unlike  the  arti- 
ficial aggregate  units  such  as  the  traffic  zone  or  district, 
the  household  is  basically  the  same  size  and  the  same  in- 
ternal consistency  in  different  geographical  areas.   Due  to 
the  common  nature  of  the  household  unit,  one  might  expect 
household  model  parameters  to  be  more  consistent  from  area 
to  area. 

The  model  parameters  given  in  Table  5.11  provide  a  mea- 
sure of  the  degree  to  which  household  and  zonal  model 
parameters  are  comparable  for  two  study  areas,  i.e., 
Indianapolis  and  the  Tri-State  area  which  includes  New  York 
City.   The  Tri-State  area  equations  were  developed  in  the 
research  by  Kassoff  and  Deutschman  (19) . 

The  magnitude  of  the  household  model  parameters  for  the 
independent  variables  are  strikingly  similar  for  the  two 
study  areas,  even  though  the  areas  themselves  would  not  be 
considered  as  comparable  in  nature.   The  largest  variation 
is  in  the  magnitude  of  the  constant  term.   One  might  reflect 
that  the  constant  term  of  the  model  is  the  geographic  factor 
which  explains  differences  in  household  travel  in  the  two 
areas.   Of  course,  other  differences  in  average  trip  rates 
in  the  areas  would  be  reflected  by  differences  in  the  aver- 
age value  of  the  independent  variables. 

On  the  other  hand,  there  are  substantial  differences 
in  the  parameters  of  the  zonal  based  models.   Although  this 


101 


rH      CN 

rH        CN 

05 

X     X 

X     X 

S-l 

^f     m     m 

<vT       00 

CD 

\0       \D       <Tl 

in     ld     ■*3< 

(0 

p 

O       rH       CN 

O       "5T       CTi 

c 

0) 

<D 

•          •          • 

■             •             • 

<a 

SH 

H   E 

rH      n      o 

cn     m     cn 

A 

<: 

0)    03 

u 

T3    Sh 

II     +    + 

II     +      1 

D 

d> 

O    03 

4J 

S  O* 

>H 

» 

0 

res 

5 

-P 

EH 

w 

4H 

O    1 

03    05 

U 

1 

-H 

CN 

in 

O 

Sh 

U   >   G 

00 

o 

4H 

Eh 

0)   H    0 
X!    d)  "H 

o 

m 

05 

E    03   -P 

LT) 

S-l 

3  X! 

CD 

S  O 

+1 

CD 

rH        CN 

rH        CN 

f3 

05 

X     X 

X     X 

sh 

u 

vD      (T>      CN 

CN      <T) 

05 

Q) 

«tf       vD      <T> 

m    fi     > 

Pu 

p 

0) 

rH        rH        rH 

o     rH     ro 

t             •             • 

rH 

03 

H   g 

rH        CO        O 

rH       If)       CN 

CD 

■H 

(1)    03 

t5 

rH 

'O  Sh 

II          +           1 

II        +         1 

O 

0 

0   03 

S 

ft 
03 

X  cu 

>H 

>H 

g 

G 

0 

05 

4H 

■H 

•H 

O    1 

-P 

■0 

03    05 

CN 

CT) 

03 

G 

H  >   G 

m 

cn 

>H 

H 

0)   Sh   0 

m 

CN 

0) 

.Q   d)  -H 

»■ 

c 

E   05  P 

o 

(1) 

3  XI 

rH 

a 

2  O 

a 

•H 

05     1 

M 

1          T3 

0   0) 

Eh 

P 

S-)     SH   rH     d) 

P   05   Sh 

G 

05 

<D    d)    0    G 

G   G   CD 

a 

(D    CD 

G        TS 

T3 

CM    ft.G    0 

r<    0    ft 

o 

TS   rH 

0          rH        05 

^ 

d)  tsi 

W 

CA- 

0)         0      0 

0 

•    05    05 

TJ    0) 

05 

d)    03      -H 

U    U  £      P 

Sh  a 

tj>  G    G    U 

DlSHH    C 

-P 

ft-H  X 

0)    0)    0)      3 

d)  d) 

>    0    0    d) 

>    CD   0   O 

U 

CD    >H  — 

0.    ft  U5       rtj 

ft  03 

<  05  a  ft 

<  cu-G  n 

<D 

T3  id 

G 

G 

m 

G  > 

II          0       II 

0 

ii 

II 

4-1 

H 

K 

w 

W 

rH                          CN 

rH 

CN 

X                X 

X 

X 

G 

0 

•H 

05     1 

-P 

P 

u  m 

ft  d) 

id 

G   CD 

0)   rH 

•-H    05    M 

tn    • 

0)  H 

ft  0 

Sh   G   CD 

0)  en 

T)  XI 

A 

Eh    0    ft 

Sh  t« 

G   03  ~ 

05    (1) 

M 

Cr>  qj 

0)  -H  >n 

ft  05 

T3     (1) 

0>  M 

ft  M  — 

-H    3 

DiHH    C 

<  < 

0)  id 

Sh    0 

>    d)    0    O 

Q  > 

Eh  W 

<C  ft.G  tsi 

• 

rH 

T3 

• 

4-1    05 

rH 

in 

0  "H 
[fl 

0 
A 

d) 

H   >i 

d) 

rH 

d)    rH 

W 

CD 

XI 

>  «J 

3 

c 

<TJ 

Q)    C 

0 

0 

Eh 

J  rt! 

a 

tN 

102 


comparison  is  only  for  two  study  areas,  the  basic  premise 
that  household  parameters  measure  a  more  stable,  basic  re- 
lationship appears  to  be  substantiated. 

Summary 

Analysis  of  travel  behavior  using  the  household  as  the 
basic  decision  unit  provides  a  method  of  evaluating  the 
changing  relationships  which  occur  over  time.   Household 
equations  based  on  data  obtained  from  a  small  scale  home 
interview  study  conducted  in  1971  provided  estimating  re- 
lationships which  were  similar  to  trip  production  models 
based  on  the  characteristics  of  the  same  households  in  1964. 
The  hypothesis  that  the  behavioral  level  analysis  would  pro- 
vide parameter  estimates  which  are  more  stable  over  time 
was  substantiated  for  the  sample  used  in  the  study.   The 
behavioral  models  for  the  two  time  periods  were  judged  to  be 
equally  effective  in  estimating  zonal  travel  which  was  re- 
ported by  the  single  family  households  from  which  the  1971 
survey  sample  was  drawn. 

Behavioral  models  were  also  developed  using  all  house- 
hold data  from  the  1964  IRTADS  study.   These  models  were  ex- 
panded to  estimate  total  home  based  travel  for  the  entire 
study  area  and  were  judged  to  be  nearly  comparable  with  the 
aggregated  model  for  estimating  present  travel.   However, 
since  they  are  sensitive  to  measuring  changes  in  the  travel 
characteristics  of  the  behavioral  unit,  the  household  model 
is  preferred.   Indications  are  that  the  household  data  set 
may  be  reduced  by  at  least  80  percent  for  estimating  model 
parameters  at  the  disaggregate  analysis  level.   In  addition, 
since  the  household  is  a  basic  unit  in  all  urban  areas, 
analysis  at  the  household  level  may  help  the  planner  under- 
stand true  travel  variation  between  areas,  rather  than  ap- 
parent differences  which  are  a  reflection  of  the  areal  unit 
selected. 
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CHAPTER  6.   EVALUATION  OF  ADDITIONAL  VARIABLES 
IN  TRIP  GENERATION  MODELS 

In  Chapter  5  the  analysis  of  the  household  data  was 
confined  to  development  of  trip  generation  models  which  could 
be  used  to  estimate  zonal  travel.   The  explanatory  variables 
incorporated  in  the  models  were  constrained  to  those  vari- 
ables which  were  used  by  IRTADS  so  the  estimation  capability 
of  the  household  model  formulations  could  be  compared  with 
the  models  based  on  the  zonal  aggregate  relationships.   Zonal 
population  and  auto  ownership  were  the  major  factors  used  in 
the  zonal  models;  the  equivalent  variables  for  the  disaggre- 
gate models  were  family  size  and  auto  ownership.   Other  re- 
search efforts,  however,  have  found  additional  socioeconomic 
variables  which  contribute  to  the  explanation  of  varying 
trip  generation  rates  (30,36,41,42).   Included  among  this 
list  are  variables  such  as  income,  occupational  status  and 
stage  in  the  family  life  cycle.   It  has  also  been  suggested 
that,  in  addition  to  socioeconomic  characteristics,  measures 
of  the  service  level  provided  by  the  transportation  system 
itself,  should  be  included  in  the  estimation  models  (7,28). 
For  example,  Nakkash  defined  an  accessibility  variable  which 
is  a  measure  of  separation  between  activity  centers  such  as 
residential  areas,  and  shopping  or  employment  centers.   The 
accessibility  measure  accounts  for  the  relative  travel  fric- 
tion between  zones  by  incorporating  in  the  variable  a  func- 
tion of  the  travel  times  on  the  transportation  network.   The 
rationale  is  that  areas  which  are  relatively  more  accessible 
to  activity  centers  would  have  different  trip  generation 
rates  than  less  accessible  areas. 

Indeed,  travel  behavior  is  more  complex  than  the  simple 
two  variable  model  which  has  been  used  for  estimating  travel. 
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The  difficulty  in  forecasting  variables  such  as  income  or 
occupational  status  of  the  population,  however,  has  kept  the 
analyst  from  attempting  to  obtain  a  better  understanding  of 
these  relationships.   In  Chapter  6  and  Chapter  7  the  inter- 
relationships among  the  afore-mentioned  variables  will  be 
examined.   Even  though  some  of  the  variables  may  be  consid- 
ered to  be  difficult  to  forecast  and  therefore  difficult  to 
use  in  travel  forecast  models,  it  is  just  as  inappropriate 
to  ignore  these  effects  without  attempting  to  understand 
the  nature  of  their  contribution  to  the  explanation  of  travel 
behavior.   This  chapter  examines  the  interrelationships  be- 
tween sub-sets  of  the  variables  which  have  been  found  to  be 
significant  in  trip  production  models  as  a  background  for 
development  of  an  integrated  theory  of  the  causal  structure 
of  these  variables. 

Individual  Perceptions  of  Factors  Influencing  Changes 

In  Trip  Production 
Because  of  the  nature  of  the  data  which  is  collected 
for  transportation  studies,  the  models  which  are  developed 
are  based  on  observation  of  actual  behavior  as  exhibited  by 
the  data.   If  a  relationship  is  consistent  with  the  planner's 
intuitive  judgment  about  the  causative  effects  between  the 
independent  and  dependent  variables,  the  variable  is  used  in 
the  model.   Although  the  models  used  in  this  research  are 
also  based  on  standard,  measured  survey  data,  an  additional 
approach  was  used  to  evaluate  the  causal  relationship  as 
perceived  by  the  individual  trip  maker.   The  respondents  were 
asked  to  indicate  whether  selected  changes  in  their  socio- 
economic characteristics  and  changes  in  the  community  struc- 
ture and  transportation  system  had  increased,  decreased,  or 
had  not  changed  the  amount  they  traveled  (Question  72) .   The 
summary  of  responses  indicating  the  effect  of  these  changes 
on  travel  by  private  auto  mode  appear  in  Table  6.1.   In 
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evaluating  the  results  several  factors  should  be  noted. 
First,  for  the  income  and  auto  ownership  variables,  the  re- 
spondents were  only  asked  if  a  change  had  occurred  and,  if 
so,  how  that  change  affected  their  travel.   The  researcher 
determined  from  the  travel  study  data  whether  the  change  was 
an  increase  or  a  decrease.   In  a  few  instances  no  actual 
change  was  noted  in  the  data  even  though  the  respondent  felt 
that  a  change  had  occurred.   Secondly,  the  primary  changes 
in  marital  status  were  changes  going  from  the  married  status 
to  a  "single"  classification. 

The  summary  indicates  that  the  predominant  factors  which 
the  respondents  felt  had  caused  a  change  in  the  amount  the 
family  travels  were  auto  ownership,  family  size  and  stage  in 
the  family  life  cycle.   Over  75  percent  of  the  households 
which  noted  an  increase  in  autos  felt  that  this  increase  had 
increased  the  family's  travel.   Fifty-five  percent  of  the  re- 
spondents who  experienced  an  increase  in  family  size  felt 
that  their  travel  increased.   Children  becoming  school  age 
or  licensed  drivers  was  perceived  as  a  reason  for  increasing 
travel  by  69  and  89  percent  of  the  families  experiencing 
these  changes.   A  decrease  in  auto  ownership  and  family  size, 
however,  was  not  so  strongly  recognized  as  a  determinant  for 
changing  travel.   Households  experiencing  a  decrease  in  auto 
ownership  responded  about  equally  in  all  three  categories. 
The  factor,  "children  leaving  home,"  was  perceived  as  not 
affecting  the  family's  travel  as  often  as  it  was  perceived 
as  a  reason  for  decreasing  travel. 

A  change  in  income  level  was  not  generally  recognized  as 
a  major  cause  for  changing  the  amount  of  travel.   Regardless 
of  whether  income  increased  or  decreased,  over  50  percent  of 
the  families  did  not  feel  the  change  had  affected  their 
travel.   Where  changes  in  travel  were  indicated,  the  direc- 
tion of  change  was  generally  as  would  be  expected. 

No  marked  trend  was  reported  for  the  effect  of  changing 
job  status  or  work  locations.   The  percentage  distribution  in 
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the  three  categories  was  nearly  equal. 

Finally,  changes  in  the  transportation  system  were 
evaluated.   The  respondents  indicated  that  neither  changes  in 
the  quality  of  public  transportation,  nor  changes  in  the  quality 
of  existing  street  facilities  had  affected  the  amount  which 
the  family  travels  by  auto.   The  construction  of  new  freeway 
facilities,  however,  was  perceived  to  be  a  cause  for  in- 
creased travel  by  nearly  50  percent  of  the  respondents;  the 
remainder  felt  their  travel  was  unaffected.   The  indication 
was  that  improvement  of  existing  street  facilities  may  not 
induce  the  traveler  to  make  additional  trips,  but  addition 
of  controlled-access  routes  may  be  a  determinant  in  generat- 
ing trips  which  otherwise  might  not  have  been  taken.   Like- 
wise, improved  accessibility  to  shopping  centers  was  perceived 
as  an  inducement  to  travel  by  half  of  the  respondents  ex- 
periencing such  a  change. 

Estimation  Model  for  Auto  Ownership 
Since  automobile  ownership  levels  have  been  used  exten- 
sively in  trip  generation  analysis,  there  has  been  consider- 
able effort  to  develop  estimation  models  to  predict  future 
levels  of  automobile  ownership.   Some  factors  which  have 
emerged  are  family  size,  income,  residential  density  and 
occupational  status  (2,5,21).   Deutschman  reviewed  the  methods 
used  by  transportation  studies  and  concluded  that  family  size 
and  residential  density  considerations  were  not  adequate 
when  used  alone  to  predict  autos.   Income  could  be  used  alone 
if  care  was  taken  to  check  the  model  in  areas  where  the  dens- 
ity of  development  changes.   Lansing,  evaluating  the  house- 
hold as  the  analysis  unit,  indicated  that  income  and  residen- 
tial density  should  be  considered  together  in  explaining 
variation  in  auto  ownership. 

Analysis  of  auto  ownership  relationships  in  this  research 
indicated  that  auto  ownership  was  most  closely  associated 
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with  the  family  income,  the  number  of  people  in  the  labor 
force  and  the  relative  accessibility  of  the  household  to 
other  activity  centers.   To  evaluate  the  ability  of  a  model 
based  on  household  data  to  estimate  future  auto  ownership 
levels,  linear  regression  models  based  on  the  1964  data  from 
the  357  households  were  developed.   The  models  were  used  to 
predict  the  level  of  auto  ownership  these  same  families 
would  have  in  1971.   Since  only  income  and  labor  force  vari- 
ables were  measured  for  the  two  periods,  these  were  the 
variables  used  in  the  prediction  models.   The  first  predic- 
tion equation  was: 

Y(Autos)  =  0.65  +  0.12 (Labor  Force)  +  0 . 079 (Income) 

where  income  was  expressed  in  thousands  of  dollars.   Before 
applying  the  model,  the  1971  reported  income  levels  were  re- 
duced to  represent  equivalent  1964  dollars.   The  model  pre- 
dicted that  the  total  auto  ownership  in  the  357  households 
would  be  620.   The  reported  ownership  in  1971  was  597,  re- 
sulting in  an  over  prediction  of  less  than  four  percent. 

The  second  model  considered  only  income  as  the  explana- 
tory variable  for  predicting  future  auto  ownership.   The 
estimation  model  was: 

Y (Autos)  =  0.76  +  0. 087 (Income) 

Using  only  income,  5  80  autos  were  estimated.   This  was 
approximately  a  3  percent  underestimation.   The  prediction 
equation  overstated  by  approximately  10  percent  the  owner- 
ship levels  of  the  lowest  income  group  (less  than  $4,000) 
and  the  highest  income  groups (over  $18,000)  and  underpre- 
dicted  slightly  in  the  middle  income  range.   Figure  6.1 
indicates  the  reason  for  over  prediction  in  the  high  income 
range.   Although  the  relationship  is  linear  through  low  and 
medium  incomes,  the  increasing  rate  of  auto  ownership  levels 
off  above  $15,000. 
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If  only  the  average  adjusted  income  of  all  households 
had  been  used,  the  estimated  auto  ownership  would  have  been 
590  vehicles.   This  estimate  is  essentially  the  same  as  that 
obtained  by  using  the  stratified  income  levels;  thus  in  the 
forecast  of  auto  ownership,  prediction  of  the  overall  auto 
ownership  using  the  linear  model  would  produce  a  reasonable 
control  total  for  comparing  total  auto  ownership  obtained 
from  the  stratified  income  levels. 

Other  Factors  Considered  In  Trip  Generation  Analysis 

Accessibility 

The  basic  model  for  defining  the  accessibility  variable 
developed  by  Nakkash  for  the  zones  in  Indianapolis  in  1964 
was  presented  in  Chapter  2.   The  variable  is  a  composite 
measure  of  travel  friction  between  urban  areas  and  the  dens- 
ity of  development  in  and  around  the  area  being  considered. 
Relative  accessiblity  variables  were  defined  for  each  zone 
of  the  study  area  for  several  different  categories  of  activ- 
ity, e.g.,  relative  accessibility  to  retail  floor  area,  to 
employment  centers,  and  to  educational  facilities  were  among 
the  list  of  measures  developed.   For  the  purpose  of  this 
research,  a  single  accessibility  measure  was  selected  as  a 
representative  descriptor  of  the  general  characteristics  of 
the  area.   The  logical  measures  for  use  here  were  noted  to 
have  a  fairly  high  degree  of  linear  correlation.   For  example, 
the  correlation  between  accessibility  to  retail  floor  area 
and  accessibility  to  employment  centers  was  0.80.   The  rela- 
tive accessibility  to  employment  was  selected  and  will  here- 
after be  referred  to  simply  as  accessibility. 

The  households  in  the  study  were  located  in  areas  which 
covered  the  entire  range  of  accessibility;  the  range  being 
from  0.01  to  about  0.50.   The  mean  value  was  0.2  2  with  a 
standard  deviation  of  0.08.   A  household  in  the  low  end  of 
the  scale  would  tend  to  be  in  the  outer  limits  of  the  study 
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area.   Households  closer  to  the  urban  activity  centers  would 
tend  to  have  higher  accessibilities. 

The  relationship  between  home  based  trip  production 
and  accessibility  was  studied  by  stratifying  accessibility 
into  five  levels  and  examining  several  cross  classification 
and  two  way  analysis  of  variance  models.   Table  6.2  shows 
the  stratifications  used  and  the  average  trip  rates  reported 
by  the  households  in  these  classes  for  1964  and  1971.   Since 
it  was  impossible  to  obtain  new  measures  of  accessibility 
in  1971/  all  households  which  appeared  in  one  level  in  1964 
are  assumed  to  be  in  the  same  level  in  1971.   The  variables 
exhibit  an  obvious  negative  correlation.   As  the  accessibil- 
ity of  the  household  to  other  activity  centers  increases, 
the  reported  trips  decreases.   On  first  glance,  one  might 
argue  that  this  appears  to  be  an  illogical  trend.   Why 
wouldn't  those  households  which  have  greater  accessibility 
tend  to  generate  more  trips?   The  answer  is  supplied,  at 
least  in  part,  by  consideration  of  two  additional  elements 
which  have  not  been  mentioned.   The  first  of  these  is  the 
controlling  effect  of  other  variables  which  simultaneously 
affect  travel,  and  the  second  is  related  to  the  basic  defin- 
itions used  to  describe  a  trip,  i.e.,  inclusion  of  only 
vehicular  trips  in  the  Origin-Destination  survey. 

Two  controlling  variables  which  must  be  considered  are 
income  and  auto  ownership.   As  the  household  income  level 
increases  it  was  noted  that  the  family  was  more  likely  to 
move  away  from  the  center  of  activity.   Correspondingly, 
these  households  have  higher  auto  ownership  levels  which  in- 
creases the  opportunity  for  the  individual  members  to  make 
vehicular  trips.   Figures  6.2  through  6.4  illustrate  these 
effects.   In  Figure  6.2  the  overall  negative  relationship  is 
shown  for  all  households  irrespective  of  income  group.   In 
addition,  the  average  trip  production  rates  for  three  levels 
of  income  have  been  super-imposed.   For  households  with  less 
than  $5,000  income,  the  trip  rate  is  nearly  constant  for  all 
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FIGURE   6.2  EFFECT   OF  ACCESSIBILITY    ON     HOUSEHOLD    TRIP    PRODUCTION, 
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levels  of  accessibility.   For  the  higher  income  groups,  the 
decrease  in  trip  production  rates  corresponds  to  an  increase 
in  accessibility,  although  the  slope  is  not  so  decisive  as 
in  the  overall  plot. 

Figure  6.3  shows  the  effect  of  controlling  for  levels 
of  auto  ownership.   Much  of  the  variation  in  home  based 
travel  between  the  different  levels  of  accessibility  disap- 
pears when  the  level  of  auto  ownership  is  controlled.   For 
the  households  in  which  a  car  is  available  the  trip  produc- 
tion rate  decreases,  with  increasing  accessibility  levels, 
but  the  rate  of  decrease  is  considerably  less  than  that 
indicated  by  the  overall  plot. 

Figure  6.4  shows  the  relationship  between  accessibility 
and  level  of  auto  ownership  for  all  households  together  and 
for  income  stratifications.   This  relationship  illustrates 
that  families  living  in  lower  accessibility  areas  have  higher 
auto  ownership  rates.   Since  these  households  also  have 
higher  income  rates,  one  might  point  to  this  as  the  reason 
for  increased  ownership.   The  plot,  however,  shows  that  when 
income  is  held  constant,  the  auto  ownership  level  still  in- 
creases as  accessibility  decreases.   This  indicated  that 
accessibility  levels  did  affect  auto  ownership  rates  even 
when  income  was  held  constant. 

Two  way  analysis  of  variance  (ANOVA)  models  for  unequal 
sub-classes  were  run  to  statistically  evalute  the  effects 
of  accessibility  on  home  based  travel  and  auto  ownership. 
It  should  be  recalled  that  the  variances  of  the  dependent 
variable  may  not  be  equal  for  all  levels  of  the  explanatory 
variables.   Therefore  the  statistical  F  ratio  is  not  exact 
for  the  selected  probability  level.   If  the  variable  is  de- 
clared insignificant,  it  would  in  fact  be  insignificant  at 
the  chosen  level,  but  on  the  other  hand,  a  variable  found  to 
be  significant  at  a  selected  level  may  not  be  significant  at 
the  nominal  level.   Not  all  levels  of  each  variable  could 
be  used  in  all  models  due  to  insufficient  data.   Households 
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ranging  from  two  through  five  members  and  households  owning 
either  1  or  2  cars  were  considered  in  the  ANOVA.   Income  was 
stratified  us  indicated  in  Figure  6.3. 

Table  6.3  provides  the  results  of  the  analysis  of 
variance  for  the  models  in  which  the  dependent  variable  was 
home  based  trips.   When  family  size  and  accessibility  were 
the  independent  variables,  each  of  the  main  effects  and  the 
interaction  term  provided  a  significant  contribution,  how- 
ever, when  either  income  or  auto  ownership  was  considered 
with  accessibility,  the  latter  variable  was  not  a  major  con- 
tributor to  explaining  differences  in  home  based  travel. 

For  the  models  in  Table  6.4  the  dependent  variable  was 
auto  ownership.   When  accessibility  and  family  size  were 
used  as  the  explanatory  variables,  accessibility  was  the 
dominant  factor  in  explaining  ownership  levels.   When  income 
and  accessibility  were  taken  as  the  explanatory  variables, 
both  were  found  to  be  important  in  explaining  the  variation 
in  auto  ownership. 

The  conclusion  which  is  drawn  from  this  discussion  is 
that,  while  accessibility,  considered  alone,  appears  to  be 
an  important  explanatory  variable,  this  contribution  is 
diminished  when  income  and  auto  ownership  are  included  in 
the  analysis.   The  effect  of  accessibility  on  trip  production 
rates  would  appear  to  be  an  indirect  effect  due  to  its  influ- 
ence on  auto  ownership. 

Non-vehicular  Trips.   A  final  consideration  which  helps 
to  explain  declining  travel  with  increasing  accessibility 
is  that  the  families  living  in  relatively  more  accessible 
areas  may  find  it  possible  to  satisfy  their  travel  needs  by 
other  than  vehicular  transportation.   For  example,  more 
school  trips  may  be  made  by  walking  or  bicycling.   Similarly, 
short  trips  to  a  local  store  or  to  a  neighborhood  recreation 
area  could  be  made  by  these  modes.   Transportation  studies 
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Table  6.3.   ANOVA  Models  for 
Accessibility  on 

Eval 
Home 

uating 
Based 

the  Effect 
Travel . 

of 

Source 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 
Square 

F-Ratio 

Autos 

275 

1 

275 

11.2** 

Accessibility 

62 

4 

15 

.6 

Autos *Accessibili 

ty 

58 

4 

14 

.6 

Error 

7276 

296 

25 

Family  Size 

1722 

4 

431 

30.1** 

Accessibility 

191 

4 

48 

3.  3* 

Family  Size* 
Accessibility 

586 

16 

37 

2.6** 

Error 

4118 

288 

14 

Income 

683 

2 

341 

14.0** 

Accessibility 

124 

4 

31 

1.3 

Income* 

Accessibility 

246 

8 

31 

1.3 

Error 

8370 

342 

24 

*Significant  at  nominal  level,  a  =  0.05 
**Signif icant  at  nominal  level,  a  =  0.01 


Source 
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Table  6.4.   ANOVA  Models  for  Evaluating  the  Effect  of 
Accessibility  on  Auto  Ownership. 


Sum  of     Degrees  of    Mean    F-Ratio 
Squares     Freedom     Square 


Family  Size 

4.6 

4 

1.2 

2.0 

Accessibility 

23.4 

4 

5.9 

10.1** 

Family  Size* 

Accessibility 

7.1 

16 

.4 

.8 

Error 

169.0 

292 

.6 

Income 

15.8 

2 

7.9 

17.5** 

Accessibility 

12.4 

4 

3.1 

6.9** 

Income* 

Accessibility 

3.2 

8 

.4 

.9 

Error 

154.1 

342 

.5 

*Significant  at  nominal  level,  a  =  0.05 
**Signif icant  at  nominal  level,  a  =  0.01 


119 


do  not  worry  about  these  non-vehicular  trips  because  this 
travel  is  not  transferred  to  the  transportation  system.   How- 
ever, to  develop  an  understanding  of  the  basic  travel  needs 
of  the  behavioral  unit,  these  trips  are  important. 

In  the  1971  survey,  home-based  walking  or  cycling  trips 
were  determined.   Only  those  trips  which  were  a  regular  part 
of  the  household  routines  were  included.   For  example,  if  a 
child  walked  to  school  the  trip  was  counted  as  a  walk  trip, 
but  if  the  child  were  out  playing  and  merely  rode  down  the 
street  on  his  bicycle,  the  "trip"  was  not  counted.   Table 
6.2  provided  the  average  "vehicular"  and  "vehicular  plus 
walk"  trip  rates  for  1971.    Figure  6.5  illustrates  the  re- 
lationship.  Although  the  walk  trip  is  not  an  overwhelming 
factor  —  an  average  of  0.6  walk  trips  per  household  --  the 
trend  is  in  the  direction  expected.   Families  in  areas  of 
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higher  accessibility  satisfy  a  greater  portion  of  their 
travel  needs  by  non-vehicular  transportation. 

Occupational  Status 

The  effect  of  occupational  status  on  trip  production 
and  auto  ownership  was  also  analyzed  by  analysis  of  variance 
techniques . 

Occupation  of  the  head  of  the  household  was  stratified 
into  four  groups  for  the  analysis  of  variance.  The  members 
constituting  these  groups  were  as  follows: 

1.  Professional,  Manager,  and  Salesmen 

2.  Clerical  and  Craftsmen 

3.  Service  personnel,  Operatives  and  general  labors, 
and 

4.  Non-gainful  employment  including  housewives, 
students,  the  unemployed  and  the  retired. 

Considered  in  a  one  way  analysis  of  variance  model,  oc- 
cupational status  would  be  a  significant  variable  in  explain- 
ing trip  generation  and  auto  ownership.   However,  when 
family  size  and  income  are  each  considered  with  occupation, 
the  latter  variables  dominate  the  model  and  occupation  is 
not  significant  in  explaining  trip  generation.   For  explain- 
ing auto  ownership,  income  dominates  the  effect  of  occupa- 
tional status  to  the  extent  that  occupation  is  not  signifi- 
cant. 

Stage  in  the  Family  Life  Cycle 
The  distribution  of  family  characteristics  in  the  sur- 
vey sample  did  not  allow  elaborate  tests  of  the  family  life 
cycle  variable  since  nearly  all  heads  of  households  were 
married.   The  variable  was  established  by  breaking  the 
households  into  the  following  groups: 

1.   head  of  household  less  than  45  years  of  age  and 
having  school  age  children; 
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2.  head  of  household  over  45  years  of  age  and  having 
school  age  children; 

3.  head  of  household  less  than  45  years  of  age  and 
having  no  school  age  children;  and 

4.  head  of  household  over  45  years  of  age  and  having 
no  school  age  children. 

Since  this  classification  scheme  was  tied  rather  direct- 
ly to  the  size  of  the  family,  the  family  size  variable  ex- 
plained the  same  variation  which  might  be  explained  by  the 
family  life  cycle  variables.  As  a  result,  the  variable  was 
insignificant  in  explaining  travel  behavior  in  this  study. 

An  Evaluation  of  Changes  Over  Time 
This  research  project  afforded  a  unique  opportunity  not 
only  to  evaluate  the  stability  of  models  based  on  household 
data  taken  at  two  points  in  time,  but  also  to  evaluate  the 
actual  effect  of  changes  in  an  explanatory  variable  on  the 
dependent  variable  for  each  household  unit.   When  one  develops 
a  model  based  on  cross-section  data  the  variables  are  se- 
lected on  the  basis  of  observed  correlation  and  intuitive 
causation.   Even  though  similar  correlations  may  exist  in  the 
data   at  a  later  date  in  the  planning  period,  the  change  in 
the  dependent  variable  may  not  have  been  due  to  changes  in 
the  independent  variable.   Instead,  the  change  may  have  been 
a  reflection  of  some  other  ultimate  cause  outside  of  the 
prediction  model.   For  example,  two  data  sets  might  well 
show  that  higher  income  groups  have  higher  auto  ownership 
rates.   Observation  of  individual  household  income  may,  how- 
ever, show  that  the  increase  in  income  was  due  to  additional 
household  members  joining  the  labor  force.   In  turn,  the 
additional  working  member,  may  create  a  greater  need  for 
transportation,  causing  the  family  to  increase  the  level  of 
auto  ownership.   Thus,  the  joint  increase  in  income  and  auto 
ownership  would  tend  to  "validate"  the  correctness  of  the 
original  model. 
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The  prediction  models  developed  for  home  based  trip 
production  and  auto  ownership  were  found  to  be  very  reliable 
in  estimating  the  dependent  variable  in  1971  from  parameter 
estimates  obtained  from  the  1964  data.   To  evaluate  whether 
observed  changes  in  the  independent  variable  might  be  the 
true  cause  of  changes  in  the  dependent  variable,  plots  of 
the  reported  changes  in  the  variables  were  examined.   If  an 
independent  variable  exhibits  a  unit  change,  but  the  rela- 
tionship between  the  independent  and  dependent  variable  is 
only  spurious,  one  would  not  necessarily  observe  the  corres- 
ponding change  in  the  dependent  variable.   On  the  other  hand, 
if  the  relationship  is  causal,  the  variables  should  both 
exhibit  a  corresponding  change. 

Figure  6.6  illustrates  the  differences  in  reported  trip 
rates  compared  to  differences  in  reported  family  size.   The 
plots  were  obtained  by  taking  differences  in  the  reported 
household  characteristics  and  reported  trips  in  1964  with  the 
corresponding  figures  from  the  same  household  in  1971.   Each 
point  on  the  plot  is  the  average  difference  in  reported  trips 
for  each  level  of  family  size  change.   The  plot  indicates 
that  family  size  changes  are,  indeed,  a  prominent  factor  in 
explaining  trip  production  differentials  within  the  house- 
holds.  The  overall  plot  considers  trip  differentials  for 
varying  family  size  changes,  irrespective  of  changes  in  other 
household  characteristics.   This  plot  exhibits  a  strong 
linear  trend.   When  one  considers  only  those  households  which 
increased  their  level  of  auto  ownership  by  one,  the  linear 
trend  is  still  evident  with  the  trip  production  rate  being 
higher  than  the  overall  average.   It  is  interesting  to  note 
that,  even  when  the  level  of  ownership  increased  by  one,  a 
decrease  in  family  size  always  caused  a  decrease  in  trip 
production.   A  change  in  family  size  is  apparently  the  dom- 
inant factor  in  explaining  trip  production  differentials 
within  the  household. 
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In  Figure  6.7  the  effect  of  auto  ownership  is  illus- 
trated.  Changes  in  trip  production  rates  respond  to  changes 
in  auto  ownership  within  the  household.   The  dominance  of 
family  size,  however,  is  illustrated  again.   Where  the  family 
size  decreased  by  one,  the  average  trip  production  rate  in- 
creased only  in  those  households  which  reported  two  addi- 
tional vehicles.   No  explanation  can  be  cited  for  the  appar- 
ent inconsistency  of  the  point  on  the  constant  family  size 
curve  where  the  average  trip  rate  was  higher,  even  though 
autos  decreased  by  one. 

Finally,  the  relationship  between  income  and  auto  owner- 
ship is  depicted  in  Figure  6.8.   The  overall  curve  shows 
that  a  change  in  income  has  a  positive  association  with  auto 
ownership.   The  trend  is  linear  for  small  changes  in  income, 
but  flattens  out  at  the  extreme  positions.   Of  greater  sig- 
nificance is  the  behavior  of  auto  ownership  when  the  number 
of  family  members  in  the  labor  force  remained  constant  over 
the  period.   It  is  noted  that  for  this  situation,  an  increase 
in  constant  dollar  income  may  increase  the  level  of  auto 
ownership,  but  a  decrease  in  reported  income  does  not  produce 
a  corresponding  decrease  in  ownership.   It  would  appear  that 
as  long  as  the  number  of  family  members  who  must  get  to  work 
remains  constant,  the  family  will  try  to  maintain  the  same 
auto  ownership  rate  even  though  their  ability  to  pay  for  the 
cost  of  owning  and  operating  that  vehicle  may  have  decreased. 

One  might  extend  this  implication  to  other  aspects  which 
relate  to  planning  policies.   It  would  appear  that  households 
which  attain  a  level  of  auto  ownership  and  have  become  ac- 
customed to  the  freedom  of  movement  allowed  by  that  level  of 
auto  availability,  would  be  unlikely  to  reduce  their  ownership 
because  of  other  changes  in  the  pattern  of  urban  development 
or  level  of  service  provided  by  other  means  of  transporta- 
tion.  In  the  long  run,  an  improvement  in  public  transit 
service  may  induce  travelers  to  use  that  service  rather  than 
acquiring  an  additional  automobile  to  operate  on  the  highway 
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facilities.   It  seems  unlikely,  however,  that  families  at  a 
level  of  auto  ownership  would  be  willing  to  reduce  that 
level  because  of  the  improved  transit  service. 

Summary 

Respondents  in  this  study  perceived  that  changes  in  auto 
ownership,  and  changes  in  family  size  and  stages  in  the  fam- 
ily life  cycle  were  the  most  important  changes  which  affected 
the  amount  which  they  travel.   These  perceived  reactions 
support  the  use  of  these  variables  in  developing  trip  gen- 
eration models  which  are  sensitive  to  changes  in  household 
characteristics  over  the  years. 

Income  change  was  not  perceived  as  a  major  factor  in 
directly  causing  increased  travel,  but  income  was  the  primary 
factor  in  the  prediction  model  for  auto  ownership.   Using 
income  and  labor  force  as  explanatory  variables,  the  auto 
ownership  level  of  the  357  households  in  1971  was  estimated 
within  four  percent  of  the  actual  auto  ownership.   Income, 
taken  by  itself,  was  able  to  produce  similar  estimates,  how- 
ever, a  check  on  the  relationship  over  time  indicated  there 
is  an  interacting  effect  between  income  and  the  number  of 
people  employed  in  the  household.   This  suggests  that  both 
variables  would  be  necessary  to  fully  understand  the  rela- 
tionship with  auto  ownership. 

Households  which  were  relatively  more  accessible  to  ac- 
tivity centers  exhibited  lower  trip  production  rates  than 
households  in  less  accessible  areas,  but  this  difference  was 
due  primarily  to  difference  in  income  and  auto  availability 
of  the  households  in  different  areas  and  to  the  greater  por- 
tion of  the  travel  needs  which  are  satisfied  by  the  walking 
mode  in  the  more  accessible  areas.   When  accessibility  and 
auto  ownership  were  analyzed  together,  only  auto  ownership 
contributed  significantly  to  explaining  variations  in  travel 
behavior.   Accessibility  was, however,  important  in  explain- 
ing auto  ownership,  even  when  income  was  used  as  a  joint 
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explanatory  variable. 

Occupational  status  and  stage  in  the  family  life  cycle 
did  not  contribute  significantly  to  explaining  variation  in 
home  based  travel  when  considered  jointly  with  family  size 
and  auto  ownership. 
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CHAPTER  7.   /ANALYSIS  OF  THE  STRUCTURAL  RELATIONSHIPS 
AMONG  SELECTED  VARIABLES  IMPORTANT  TO  TRIP  GENERATION 

The  interrelationships  among  several  of  the  variables 
which  have  been  found  to  be  significant  in  explaining  travel 
variation  in  the  households  have  been  discussed.   In  this 
chapter,  a  structural  model  is  used  to  define  a  system  of 
equations  which  corresponds  to  hypothesized  causal  processes. 
In  the  structural  model  one's  interest  is  not  restricted  to 
studying  the  effect  of  changes  in  a  single  equation,  but 
instead,  the  interest  is  to  study  a  set  of  equations  simul- 
taneously to  analyze  how  a  change  in  the  relationships  of 
any  one  equation  of  the  system  might  affect  all  other  vari- 
ables of  the  system.   The  purpose  of  the  method  of  analysis 
is  to  determine  whether  the  interpretations  of  a  set  of  pro- 
posed causal  equations  relating  significant  trip  generation 
variables  is  consistent  throughout.   Each  equation  of  the 
system  may  not  necessarily  be  the  best  predictive  equation, 
but  rather,  its  presence  is  important  in  explaining  the 
structure  of  the  variables  which  have  been  studied  in  trip 
generation  analysis. 

An  Introduction  to  Causal  Analysis 
The  discussion  here  is  directed  toward  outling  the  basic 
assumptions  and  limitations  of  causal  models.   In  addition, 
the  basic  principles  of  establishing  the  causal  models  and 
computing  correlations  which  should  be  observed  if  the  hy- 
pothesized model  is  correct,  is  discussed  to  familiarize  the 
reader  with  the  concepts  of  the  structural  model.   For  more 
detailed  discussion  of  the  computational  procedures,  the 
interested  reader  may  refer  to  the  articles  by  Land  and 
Heise  (13,20).   Also  ,Blalock  offers  extensive  arguments 


129 


pointing  out  the  need  for  careful  consideration  in  making 
causal  inferences  from  the  data  and  clarifies  the  conditions 
under  which  causal  inferences  may  be  possible  (1) . 

The  goal  of  causal  modeling  is  to  develop  a  set  of  rela- 
tionships which  correspond  to  actual  causal  processes  in  the 
real  world.   Analysis  of  a  causal  structure  requires  specifica- 
tion of  a  network  of  causal  paths  which  exist  between  the 
variables  of  interest,  and  identification  of  the  parameters 
of  causation  so  one  can  measure  the  effects  of  each  variable 
on  the  other  variables  in  the  model.   The  mathematical  equa- 
tions which  make  up  the  causal  structure  are  a  set  of  recur- 
sive equations  such  as  the  following,  four  variable  recur- 
sive system: 

1     la   a 
Z2  =  P2b  Zb 
Z3  =  P31  Zl  +  P3c  Zc 
Z4  =  P41  Zl  +  P42  Z2  +  P43  Z3  +  P4d  Zd 

This  set  of  mathematical  equations  can  be  represented  con- 
veniently using  the  notion  of  the  path  diagram  developed  by 
Wright  (45).   Figure  7.1  is  the  pictorial  representation  of 
the  above  recursive  system.   There  is  a  one  to  one  corres- 
pondence between  the  structural  equations  and  the  path  dia- 
gram.  Further,  some  of  the  assumptions  of  causal  modeling 
become  more  apparent  when  viewing  the  path  diagram.   The 
rules  for  constructing  a  path  diagram  will  be  given  as  each 
of  the  different  types  of  variables  are  discussed. 

A  structural  model  is  composed  of  three  types  of  vari- 
ables : 

1.   Exogenous  variables  are  considered  to  be  the  inputs 
to  the  system.      These  variables  are  assumed  to 
be  completely  determined  by  other  variables  outside 
of  the  system  and  neither  the  nature  of  their 
origin,  nor  the  correlation  which  may  exist  between 
these  inputs,  is  of  concern  for  the  model  being 


130 


FIGURE  71   AN  EXAMPLE  OF  A  FOUR  VARIABLE   CAUSAL  MODEL 


considered.   The  paths  between  the  exogenous  vari- 
ables are  represented  on  the  path  diagram  as  two- 
headed  curvilinear  arrows.   These  paths  indicate 
only  that  some  correlation  may  exist.   No  direction 
of  causality  is  assumed.   In  the  above  model  Z±    and 
Z   are  the  exogenous  variables  of  the  system. 
Measured  variables  within  the  structural  model  are 
referred  to  as  endogenous  variables.   Unlike  the 
exogenous  variables,  the  total  variation  in  the 
endogenous  variables  is  of  interest.   The  total 
variation  in  the  endogenous  variables  is  assumed  to 
be  completely  determined  by  some  linear  combination 
of  exogenous  variables,  other  endogenous  variables 
and  some  unmeasured  residual  or  error  variable. 
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The  postulated  causal  relations  among  the  variables 
are  represented  on  the  path  diagram  by  unidirec- 
tional arrows  extending  from  each  determining  vari- 
able to  each  variable  dependent  on  it.   In  the  path 
models  discussed  here  the  assumption  must  be  made 
that  there  is  only  one  direction  of  causation, 
i.e.,  if  X  causes  Y,  Y  cannot  in  turn  be  a  cause 
of  X.   Variable  Z_  and  Z.  are  the  endogenous  vari- 
ables in  Figure  7.1. 
3.   Since  it  is  unrealistic  to  assume  that  the  variation 
of  a  variable  in  the  system  will  be  completely  de- 
termined by  the  other  measured  variables  of  the 
system,  residual  variables  are  introduced.   The 
residual  variable  is  assumed  to  be  uncorrelated 
with  the  set  of  variables  immediately  determining 
the  variable  under  consideration  and  it  is  assumed 
to  have  a  mean  value  of  zero. 

Residual  variables  are  represented  on  a  path 
diagram  by  unidirectional  arrows.   Literal  sub- 
scripts are  attached  to  the  residual  variable  paths 
to  distinguish  them  from  the  paths  of  the  measured 
variables  which  bear  numerical  subscripts.   For  the 
sake  of  clarity  in  presentation,  the  residual  paths 
and  the  paths  between  the  exogenous  variables  are 
often  eliminated  from  the  causal  model  in  this 

dissertation.   Variables  Z  ,  Z,  ,  Z   and  Z,  are  the 

a   b    c      a 

residual  variables  in  Figure  7.1. 

The  exogenous  variables,  Z -,,  and  Z_,  are  assumed  to  be 

completely  determined  by  outside  forces  Z   and  Z,  which  are 

either  unknown  or  just  not  of  interest  in  the  analysis.   The 

path  coefficients  P,   and  P_,  would  be  equal  to  one  (1)  and 
c  la       2d 

are  not  normally  included  in  the  model  or  diagram. 

The  endogenous  variables,  Z^  and  Z.,  as  has  been  noted, 
are  determined  by  some  linear  combination  of  other  exogenous 
and  endogenous  variables  and  an  unknown  residual  or  error 
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term. 

Estimation  of  the  model  parameters  for  each  equation 
revolves  around  fitting  a  model  to  the  data  so  as  to  mini- 
mize the  amount  of  variation  contributed  by  the  residual 
variables.   The  parameters  of  the  structural  model  are  com- 
puted using  the  least  squares  criteria  common  to  linear 
regression  analysis,  however,  to  facilitate  the  interpreta- 
tion of  the  relative  importance  of  the  determining  variables, 
standardized  regression  coefficients  are  used.   This  stan- 
dardized parameter  or  path  coefficient,  P. . ,  is  a  measure 
of  the  fraction  of  the  standard  deviation  of  the  dependent 
variable  for  which  the  independent  variable  is  directly 
responsible.   More  definitely,  it  is  the  fraction  which 
would  be  found  if  the  factor  varies  to  the  same  extent  as 
in  the  observed  data  while  all  other  variables  in  the  equa- 
tion are  held  constant. 

The  relationship  between  the  regular  regression  coef- 
ficient, b. .,  and  the  path  coefficient,  P. .,  is: 
lj  c  lj 

a  . 

P. .  =  b. .  -1 

iD     ID  ai 

where  a .  and  a  .  are  the  standard  deviations  of  the  dependent 
and  independent  variables,  respectively.   The  path  coef- 
ficients are  also  referred  to  as  beta  coefficients. 

The  standardized  parameter  facilitates  the  computations 
necessary  to  evaluate  the  consistency  of  the  model  in  re- 
producing the  interrelationships  which  exists  in  empirical 
data.   Using  standardized  coefficients,  it  can  be  shown  that, 
for  the  model  given  in  Figure  7.1,  the  structural  model 
would  predict  the  linear  correlation  between  variables  Z. 
and  Z,  to  be: 

r '   =  P    +  P   r 
41     41     43  12 
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where 

r\-.    is  a  predicted  correlation  for  the  hypothesized 
model; 

r, j    is  the  observed  correlation  between  the  exogenous 
variables;  and 

P  ,,  P.„  and  P.,,  are  the  path  coefficients  estimated 
in  regression  analysis  (20) . 

The  total  correlation  between  Z .  and  Z,  ,  is  composed 
of  three  elements.   First,  there  is  a  direct  effect  between 
the  variables  indicated  by  the  path  coefficient,  P«y      Sec- 
ondly, there  is  an  indirect  effect,  P..,P_.,,  which  is  due 
to  the  influence  which  variable  Z.   has  on  Z  _.,  which  in  turn 
influences  Z..   Finally,  there  is  another  indirect  effect, 
P.„r-.„,  which  encompasses  the  correlational  effect  of  the 
exogenous  variables.   It  must  be  cautioned  that  these  direct 
and  indirect  effects  can  be  interpreted  only  for  the  model 
under  study.   The  direct  effect  is  a  true,  isolated  direct 
effect  only  if  the  other  independent  variables  are  orthogon- 
al to  the  variable  being  considered  and  if  the  effects  of 
all  other  variables  are  truly  removed. 

The  entire  correlation  matrix  could  be  reproduced  in 
like  manner  using  the  additional  relations  derived  for  the 
model  in  Figure  7.1: 


13    "      31 
r23   =   P31    r12 

r24   =   P42    +   P41    r12    +   P43P31r12 

r'=P         +PP         +PPr 
34         ^43  41    31  42    31    12 

A  variable  which  explains  a  significant  portion  of  the 
variance  in  a  dependent  variable  would  exhibit  a  strong 
direct  effect  in  the  causal  model  and  would  logically  be 
considered  as  an  important  element  of  the  model.   On  the 
other  hand,  if  a  particular  variable  does  not  show  a  strong 
direct  contribution  in  a  given  equation,  the  analyst  would 
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not  immediately  reject  the  variable  from  the  entire  struc- 
ture.  Instead  the  importance  of  the  variable  in  the  other 
equations  of  the  system  must  be  considered.   If  the  vari- 
able is  significant  in  other  relationships  it  would  be  an 
important  variable  in  the  overall  system  being  evaluated. 
The  advantage  of  the  structural  model  is  that  one  may  exam- 
ine all  relationships  simultaneously  and  evaluate  the  faith- 
fulness of  that  system  in  reproducing  the  empirical  relation- 
ships in  the  data  set. 

Evaluating  the  Adequacy  of  the  Model 
The  purpose  in  developing  a  causal  model  is  to  help  the 
analyst  understand  the  relationships  among  a  set  of  vari- 
ables which  are  important  in  some  behavioral  process.   An 
objective  in  testing  these  relationships  is  to  obtain  a  model 
which  adequately  reproduces  the  conditions  which  occur  in 
empirical  data  and  yet  is  as  parsimonious  as  possible.   For 
any  postulated  model,  one  can  compute  the  correlation  matrix 
which  would  exist  for  the  model  and  compare  this  with  an  ob- 
served correlation  matrix.   If  one  starts  with  the  least 
parsimonious  case  in  which  all  possible  paths  are  included, 
there  are  no  conditions  imposed  upon  the  model  to  test  the 
adequacy  of  that  model.   It  can  be  shown  that  any  ordering 
of  the  variables  would  result  in  a  reproduced  correlation 
matrix  which  exactly  equals  the  empirical  correlations  (19). 
In  this  case  only  the  knowledge  of  the  causal  priorities 
would  allow  selection  of  one  model  over  the  other.   The  prob- 
lem then  is  to  make  an  initial  determination  of  the  signifi- 
cance of  the  paths  in  the  model. 

If  sufficient  data  are  available,  analysis  of  variance 
models  may  serve  as  a  starting  point  for  evaluating  the  sig- 
nificance of  variables  which  might  be  introduced  in  regression 
analysis.   The  analysis  of  variance  provides  a  measure  of 
significance,  not  only  for  the  main  effects  of  the  variables, 
but  also  of  possible  interactions.   Since  interaction  terms 
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are  not  included  in  the  simplified  model,  the  analyst  would 
be  made  immediately  aware  of  possible  incorrect  interpreta- 
tions from  the  structural  model. 

A  second  method  for  eliminating  paths  in  the  causal 
models  would  be  to  retain  only  those  variables  which  are 
statistically  significant  according  to  the  F-test  criterion 
used  in  regression  analysis.   However,  as  the  sample  size 
becomes  large,  path  coefficients  which  make  very  small  con- 
tributions to  the  total  variance  may  be  judged  statistically 
significant  and  retained  in  the  model.   For  this  situation, 
Land  suggests  that  the  analyst  choose  a  minimum  value  below 
which  a  path  coefficient  is  considered  to  be  substantively 
insignificant. 

Finally,  when  a  model  which  is  over  identified  has  been 
structured,  (i.e.,  a  model  in  which  one  or  more  possible 
paths  have  been  eliminated)  additional  constraints  will  be 
established.   For  a  model  to  be  judged  as  adequate,  it  must 
be  able  to  reproduce  correlations  between  the  system  vari- 
ables in  accordance  with  the  imposed  constraints.   If  these 
predicted  correlations  adequately  represented  the  empirical 
correlations,  the  analyst  might  accept  this  as  the  best 
representation  of  the  causal  structure  or  he  might  check  the 
possibility  of  eliminating  other  paths.   If  the  model  was 
not  adequate,  the  analyst  could  either  revert  to  the  previ- 
ously accepted  model  or  test  some  other  model  in  which  a  dif- 
ferent link  is  eliminated. 

A  Summary  of  the  Structural  Model  Assumptions 
In  this  research,  the  method  of  path  analysis  to  evalu- 
ate causal  relationships  is  restricted  to  those  models  which 
meet  the  following  methodological  assumptions: 

1.   A  change  in  the  dependent  variable  always  occurs  as 
a  linear  function  of  changes  in  the  determining 
variables,  and  the  effects  of  all  other  variables 
are  assumed  to  be  held  constant. 
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2.  The  system  contains  no  reciprocal  causations, 
i.e.,  the  model  is  strictly  a  recursive  system. 

If  two-way  causation  is  allowed  a  problem  in  iden- 
tification exists.   Although  methods  of  treating 
such  models  are  available,  the  procedure  is  more 
complex  and  the  interpretations  are  clouded. 

3.  The  causal  priorities  are  sufficiently  well  known 
so  that  the  structure  of  the  model  can  be  estab- 
lished as  the  correct  ordering  of  the  variables. 
It  is  not  necessary  that  all  correct  paths  are 
known,  but  the  order  of  causation  should  be  clear. 

4.  The  data  should  generally  be  measured  on  an  inter- 
val or  ratio  scale,  but  as  in  regular  regression 
analysis,  the  use  of  dummy  variables  is  permissable 
if  caution  is  exercised  in  the  interpretation  of 
the  results. 

5.  The  usual  assumptions  of  multivariate  regression 
analyses  must  be  met.   Of  particular  importance  in 
the  development  of  the  path  model  is  the  assumption 
that  the  residuals  be  uncorrelated  with  the  indepen- 
dent variables  under  consideration. 

The  path  analysis  model  is  a  simplification  of  the  real 
world  system  which  allows  the  analyst  to  evaluate  the  rela- 
tive direct  and  indirect  effects  of  the  variables  within  the 
system.   The  model  is  simplistic  from  the  practical  stand- 
point that  obviously, not  all  determinants  of  travel  could  be 
included.   The  variables  considered  are  those  major  determin- 
ants which  have  been  studied  in  this  dissertation.   The 
model  is  simplistic  from  the  statistical  sense  that  only 
linear  relationships  are  considered  and  no  interaction  terms 
are  specifically  introduced  for  consideration. 

Interpretation  of  this  simplified  model  is  restricted 
by  the  degree  to  which  the  assumptions  of  the  model  have 
been  met.   The  analysis  technique  assumes  that  the  effects 
of  all  variables  not  in  the  model  have  been  held  constant. 
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In  non-experimental  research  such  control  cannot  really  be 
achieved.   The  variables  considered  in  the  causal  models  of 
this  research  were  carefully  evaluated  before  introducing 
them  into  the  model.   The  ordering  of  the  causal  network  was 
based  on  a  priori  knowledge  of  the  variables  under  consider- 
ation and  on  previous  research  models  (18) .   Where  data 
permitted,  several  linear  analysis  of  variance  models  were 
tested  to  determine  significance  of  the  main  effects  and 
the  interaction  terms  (Tables  5.3,  6.3  and  6.4).   The  inter- 
action terms  were  generally  found  to  be  insignificant.   Fin- 
ally, in  this  study,  variations  due  to  varying  life  styles 
of  families  living  in  different  housing  units  were  definite- 
ly controlled  by  selecting  only  single  family,  home-owners 
in  the  sample.   It  must  be  assumed  that  the  variations  in 
this  data  set  are  the  same  as  would  be  exhibited  if  all  other 
possible  contributing  factors  had  been  held  constant  or  did 
not  vary.   This  condition  is  also  imposed  on  the  interpreta- 
tion of  regular  regression  models,  but  in  the  structural  model 
the  importance  of  this  assumption  is  compounded  in  that  the 
analyst  is  considering  a  system  of  relationships  rather  a 
single  estimating  relationship. 

An  Evaluation  of  a  Simplified  Causal  Model 
Initially  a  simplified  causal  model  was  constructed 
which  considered  only  the  interrelationships  between  family 
size,  income,  auto  ownership,  and  household  home  based  travel. 
As  a  first  step  it  was  hypothesized  that  family  size  and  in- 
come were  exogenous  variables  affecting  auto  ownership.   These 
three  variables  were  in  turn  linked  to  home  based  travel. 
The  path  model  for  this  simplified  structure  is  illustrated 
in  Figure  7.2.   For  clarity,  the  residual  paths  to  each  of 
the  variables  are  not  shown.   The  estimated  path  coefficients, 
p. .,  developed  from  the  1964  and  1971  household  data  sets 
are  shown . 
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Except  for  the  relationship  between  family  size  and 
auto  ownership,  the  parameters  of  the  model  are  consistent 
in  magnitude  for  the  two  data  sets  indicating  relative  sta- 
bility over  the  time  period.   It  is  felt  that  the  changing 
relationship  between  family  size  and  auto  ownership  is  due 
to  the  maturation  process  which  has  occurred.   As  the  fam- 
ilies moved  through  the  stages  of  the  family  life  cycle  and 
children  from  the  larger  families  moved  out  of  the  household, 
the  relationship  between  family  size  and  auto  ownership 
stabilized.   As  a  result,  the  linear  correlation  between 
these  variables  increased  substantially  during  the  period  , 
from  0.16  to  0.37. 

Considering  the  1964  data,  it  is  noted  that  the  direct 
effect  of  income  on  home  based  travel,  measured  by  the  path 
coefficient,  is  0.15.   The  total  indirect  effect  through 
other  variables  was  found  to  be  0.14;  a  value  nearly  as  large 
as  the  direct  contribution.   Since  the  prediction  model  de- 
veloped earlier  for  home  based  travel,  was  effective  in  esti- 
mating household  trips  using  only  family  size  and  auto  owner- 
ship, a  second  causal  model  was  evaluated  in  which  income 
was  not  considered  as  a  major,  direct  link  to  home  based 
travel.   This  model  is  illustrated  in  Figure  7.3.   The  total 
indirect  effect  of  income  operating  through  other  variables 
is  greater  than  the  direct  effect  observed  initially.   The 
indirect  contribution  of  income  through  auto  ownership  alone 
is  0.13.   The  results  from  the  model  indicate  that,  while 
income  does  influence  travel  behavior,  this  influence  is  due 
in  large  part  to  the  influence  which  income  has  on  auto 
ownership  rates. 

An  Evaluation  of  an  Integrated  Causal  Model  for 
Studying  Travel  Relationships 
A  more  complex  model  of  travel  behavior  which  allowed 
consideration  of  the  other  socioeconomic  and  accessibility 
measures  was  hypothesized  and  tested.   The  hypothesized 
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formulation  is  a  four  stage  recursive  model.   The  model 
hypothesizes  that  a  family  chooses  a  residential  location 
based  on  their  desire  for  a  certain  life  style,  quality  and 
style  of  housing,  and  preference  or  need  for  more  or  less 
space.    Differences  in  preferred  housing  conditions  may  be 
shaped  by  several  factors  such  as  individual  attitudes,  age, 
stage  in  the  family  life  cycle  and  family  size.   A  family 
which  has  a  greater  need  for  space  consumption  would  tend  to 
locate  in  lower  density  areas  which  are  relatively  less  ac- 
cessible to  other  major  activity  centers.   The  ability  to 
satisfy  the  desire  for  housing  type  and  space  consumption 
however,  is  controlled  by  the  ability  of  the  family  to  pay 
for  the  desired  living  style.   Thus,  one  must  consider  the 
income  level  of  the  family.   Income  might  be  determined  by 
several  factors  such  as  education,  occupation,  age,  and  num- 
ber of  working  members  in  the  household. 

Having  made  the  decision  about  housing  requirements  and 
residential  location,  the  level  of  available  transportation 
from  that  location  influences  the  level  of  auto  ownership. 
The  families  living  in  higher  density  neighborhoods  with 
greater  accessibility  may  have  the  opportunity  to  satisfy 
some  of  their  transportation  needs  by  use  of  public  transpor- 
tation.  Further,  due  to  greater  accessibility,  the  need 
for  vehicular  travel  may  be  decreased  as  more  travel  needs 
such  as  school  or  social-recreational  trips  are  satisfied  by 
walking  mode.   The  level  of  auto  ownership  may  also  be  af- 
fected by  family  size,  labor  force,  household  income,  or 
social  status  of  the  family. 

Finally,  the  trip  production  rate  of  the  household  may 
be  affected  by  any  of  the  variables  mentioned  previously. 
The  task  is  to  evaluate  and  understand  the  degree  of  influ- 
ence a  change  in  one  variable  might  have  on  other  variables 
in  the  model. 

The  causal  ordering  assumed  in  this  study  can  be  ob- 
served in  Figure  7.4.   Many  of  the  possible  linkages  which 
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could  be  included  in  the  model  have  been  eliminated  since 
they  were  found  to  be  of  little  importance  as  explanatory 
variables  in  the  model.   Only  the  final  stages  of  the  analy- 
sis are  discussed  in  this  dissertation. 

The  correlation  matrix  for  the  variables  is  given  in 
Table  7.1.   The  variables  which  were  taken  as  the  exogenous 
variables  were  family  size,  labor  force,  and  occupation  of 
the  head  of  household.   Occupation  of  the  head  of  household 
was  stratified  into  three  groups  and  used  as  dummy  variables 
in  the  analysis.   The  groupings  were  non  gainful,  high  stat- 
us, and  low  status.   The  high  status  group  was  composed  of 
professionals,  managers  and  salesmen,  while  the  low  status 
group  contained  all  other  employed  individuals.   The  non- 
gainful  dummy  class  was  omitted  from  the  analysis  to  allow 
solution  of  the  least  squares  equations  (37). 

The  models  were  tested  using  the  data  for  both  1964 
and  1971.   Since  it  was  not  possible  to  obtain  new  estimates 
of  the  accessibility  measure  for  1971,  the  variable  was  as- 
sumed to  be  the  same  as  in  1964.   Based  on  the  data  presented 
previously,  this  assumption  is  not  unrealistic. 

Analysis  of  the  Causal  Model 
Examination  of  Figure  7.4  shows  that  many  of  the  path 
coefficients  are  very  stable  for  the  seven  year  period.   The 
ability  of  the  model  to  reproduce  the  correlations  which 
exist  among  all  of  the  variables  can  be  evaluated  by  exam- 
ining Table  7.2.   If  the  model  adequately  represents  all  the 
existing  relationships,  these  differences  should  approach 
zero.   Although  several  of  the  possible  links  have  been  re- 
moved, the  model  does  in  fact  reproduce  the  correlation  ma- 
trix quite  well.   The  major  discrepancy  occurs  in  the  ability 
to  reproduce  the  relationship  between  family  size,  and  auto 
ownership  in  the  1971  data  set.   The  calculated  correlation 
was  0.20  whereas  the  observed  correlation  was  0.37.   The 
model  was  examined  for  other  possible  links  which  might  be 


143 


Table  7.1.   Observed  Correlation  Matrix  for  Variables  in 
the  Causal  Models. a 
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Table  7.2.   Differences  Between  Empirical  and  Reproduced 
Correlations  -  Model  I . a 
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removed  to  make  the  model  more  parsimonious.   Earlier 
analysis  suggested  that  the  effect  of  accessibility  on  home 
based  travel  may  be  more  of  an  indirect  effect  due  to  its 
association  with  auto  ownership.   The  ANOVA  further  indicated 
that  when  ownership  and  accessibility  were  tested,  auto 
ownership  was  the  only  significant  variable  and  no  interac- 
tion was  found.   The  path  coefficient  in  the  model  also 
indicates  that  the  direct  path  is  substantively  small  and 
would  explain  only  a  small  portion  of  the  variance  in  travel. 

It  was  also  noted  that,  although  income  and  labor  force 
were  the  most  significant  variables  for  use  in  an  estimation 
equation  for  auto  ownership,  the  estimating  equation  may 
only  require  consideration  of  income.   On  the  other  hand, 
it  was  shown  in  Figure  6.8  that  there  is  a  degree  of  inter- 
action between  income  and  labor  force  which  may  be  impossible 
to  ignore.   It  was  noted  that  a  decrease  in  household  income 
did  not  result  in  a  decrease  in  auto  ownership  within  the 
household  when  the  number  of  people  in  the  labor  force  was 
held  constant. 

The  ability  of  the  path  model  to  continue  to  reproduce 
the  observed  correlation  when  labor  force  is  removed  is 
demonstrated  in  Table  7.3.   The  recursive  system  of  equations 
for  this  model,  Model  II,  would  be  identical  to  those  of 
Model  I  except  that  the  direct  link  from  labor  force  to  auto 
ownership  has  been  removed.   The  reduced  structural  model 
exhibits  only  slightly  less  power  in  reproducing  the  corre- 
lations which  exist  in  the  data  in  1964.   However,  when  the 
controlling  effect  of  labor  force  was  not  included  in  the 
model  over  time,  the  reproducibility  of  the  model  was  greatly 
diminished.   A  large  difference  in  the  correlation  between 
labor  force  and  auto  ownership  is  evident  in  1971  (0.27).   In 
addition,  one  can  simultaneously  note  the  effect  on  the  re- 
lationship between  other  variables  when  the  path  is  removed. 
Reproducibility  of  the  relationship  between  trip  production 
and  the  labor  force  and  accessibility  variabilities  was  also 
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Table  7.3.   Differences  Between  Empirical  and  Reproduced 
Correlations  -  Model  II. a 
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diminshed.   In  addition,  removal  of  the  link  has  produced 
large  variations  in  the  correlation  between  family  size  and 
auto  ownership. 

The  inference  to  be  drawn  is  that  the  labor  force  -- 
auto  ownership  path  is  an  important  link  in  understanding 
the  structure  of  the  variables  which  have  been  related  to 
home  based  travel.   Understanding  the  causal  relationships 
among  the  variables  must  go  beyond  the  consideration  of  the 
single  predictive  equation  which  was  used  to  estimate  auto 
ownership. 

The  second  reduced  model  mentioned  earlier  involved  the 
removal  of  the  direct  link  from  accessibility  to  home  based 
travel,  Model  III.   The  diagram  for  this  structure  is  shown 
in  Figure  7.5  and  the  differences  in  observed  and  empirical 
correlations  are  given  in  Table  7.4.   The  ability  of  the 
structural  equations  of  Model  III  to  reproduce  the  empirical 
correlation  matrix  is  essentially  the  same  as  that  of  Model 
I.   Only  the  relationship  between  trip  production  and  access- 
ibility is  altered  by  removing  this  causal  link.   Since  new 
measure  of  accessibility  were  not  available  in  1971,  the 
author  could  not  discern  whether  the  difference  in  the  cor- 
relation in  1971  was  a  function  of  "non-measurement"  error 
or  actual  changes  in  the  effect  of  accessibility  over  time. 
Considering  that  the  analysis  of  variance  for  the  1964  data 
set  found  accessibility  to  be  insignificant,  the  final  struc- 
tural model  was  taken  as  Model  III.   This  model  was  accepted 
as  the  most  plausible  explanation  of  the  causal  relationships 
among  the  variables  which  have  been  considered  in  household 
trip  generation  analysis. 

Summary 
Structural  models  provide  a  simplified  model  which  can 
be  useful  in  studying  the  relationships  among  a  set  of  vari- 
ables in  a  causal  system.   The  causal  model  allows  the  analyst 
to  evaluate  hypothesis  of  the  causal  structure  of  the  set  of 
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Table  7.4.   Differences  Between  Observed  and  Reproduced 
Correlations  -  Model  III.a 
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*  For  the  model  specified,  these  differences  must  be  zero. 
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variables  to  ascertain  if  the  interpretation  of  the  causal 
model  is  consistent  throughout. 

Variables  which  have  been  found  significant  in  house- 
hold trip  generation  analysis  were  subjected  to  evaluation 
in  this  chapter.   The  inferences  obtained  from  the  analysis 
indicate  that  auto  ownership  and  family  size  variables  have 
the  most  direct  influence  on  trip  generation  rates.   Income 
and  level  of  accessibility  of  the  household  to  activity 
centers  in  the  urban  area  also  have  an  impact  on  travel,  but 
this  influence  is  an  indirect  effect  due  to  their  influence 
on  auto  ownership.   Households  with  larger  family  incomes 
and  in  less  accessible  residential  locations  exhibit  higher 
auto  ownership  rates.   The  number  of  household  members  in  the 
labor  force  also  is  a  determinant  of  auto  ownership  rates, 
both  directly  and  through  its  corresponding  relationship  with 
household  income. 

Finally,  the  effect  of  occupational  status  of  the  head 
of  the  household  can  best  be  understood  by  the  extent  to 
which  it  affects  household  income.   Occupational  status  is 
an  important  variable  for  explaining  variations  in  income 
but  the  direct  effects  on  any  other  variables  in  the  causal 
model  are  substantively  negligible. 
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CHAPTER  8.   CONCLUSIONS 

This  dissertation  has  been  directed  toward  evaluation 
of  urban  travel  characteristics  at  a  disaggregate  level  of 
analysis.   In  general,  the  research  has  evaluated  the  in- 
dividual's perceptions  of  items  which  are  important  in  travel 
decisions.   In  particular,  the  research  has  concentrated  Qn 
analyzing  trip  generation  relationships  which  exists  at  the 
household  level  of  analysis  as  opposed  to  the  standard  aggre- 
gate analysis  unit,  the  traffic  zone.   Whereas,  analysis 
of  aggregate  data  allows  the  planner  to  study  only  average 
characteristics  of  a  group  of  households  or  individuals, 
analysis  of  travel  at  the  household  level  allows  one  to  ob- 
tain a  better  understanding  of  the  relationships  which  occur 
at  the  decision  level.   Understanding  of  travel  behavior 
at  the  decision  level  is  necessary  to  identify  the  causal 
relationships.   With  knowledge  of  the  basic  decision  vari- 
ables, the  planner  can  better  judge  the  effects  which  future 
changes  in  the  transportation  system,  the  urban  environment, 
or  the  social  structure  may  have  on  individual  travel. 

In  the  first  segment  of  this  research  the  individual's 
perception  of  factors  which  are  important  in  mode  and  route 
choice  were  evaluated.   In  addition,  special  characteristics 
of  the  shopping  trip  were  considered  to  determine  the  in- 
dividual's reason  for  selecting  a  particular  trip  destination. 
The  purposes  of  these  analyses  were  to  help  understand  the 
nature  of  the  individual's  decision  process  and  relate  this 
information  to  the  concepts  which  are  used  in  traditional 
modal  split,  trip  distribution,  and  trip  assignment  models. 

The  second  portion  of  the  research  concentrated  on  the 
analysis  of  home  based  trip  generation  relationships  which 
exist  at  the  household  level  of  analysis.   The  stability  of 
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these  relationships  was  examined  by  evaluating  changes  in 
the  relationships  over  a  seven  year  period.   The  ability  of 
the  household  models  to  estimate  total  area  travel  was  also 
evaluated.   Finally,  the  entire  structure  of  many  of  the 
variables  which  have  been  found  significant  in  explaining 
trip  production  was  analyzed  and  tested  for  internal  consis- 
tency. 

Major  Research  Findings 

Attitudinal  Measurements 

Evaluation  of  the  individual's  attitudes  and  perceptions 
of  the  factors  important  in  selection  of  a  mode  of  travel 
indicated  that  the  prime  consideration  was  a  concern  for  a 
reliable  service.   This  service  would  ideally  be  able  to 
serve  the  individual  at  a  time  that  was  desired;  and  then 
would  arrive  at  the  destination  without  delay  due  to  accidents 
or  repairs.   Travel  time  and  costs,  which  are  typical  vari- 
ables used  in  modal  split  analysis,  were  not  considered  by 
the  respondents  of  this  study  as  important  elements  in  se- 
lecting the  mode  of  travel.   Analysis  of  the  attitudinal  re- 
sponses by  subgroups  of  the  population  indicated  that  all 
groups  held  basically  the  same  values  in  regards  to  mode  se- 
lection.  One  major  difference  was  that  non-licensed  drivers 
appeared  to  be  more  aware  of  the  out-of-pocket  costs  for 
transportation;  this  group  showed  greater  concern  for  the 
cost  of  the  transportation  than  did  those  individuals  who 
were  licensed  drivers.   Less  than  three  percent  of  all  house- 
hold trips  were  actually  made  by  bus  transportation,  and  the 
data  indicated  that  much  of  this  travel  was  by  those  who  are 
not  licensed  drivers.   The  individuals  responses  to  the  mode 
choice  factors  were  nearly  independent  of  the  purpose  of  this 
trip. 

Evaluation  of  factors  important  in  choice  of  route 
indicated  that  safety  was  of  prime  importance,  followed  closely 
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by  a  preference  for  a  route  with  less  congestion  and  strain 
to  driving.   The  third  rated  factor  was  preference  for  a  route 
with  a  minimum  driving  time.   Present  network  assignment 
procedures  do,  in  fact,  use  these  latter  factors.   In  trip 
assignment  modeling,  time  is  considered  as  the  primary  de- 
cision variable  with  adjustments  to  the  network  loadings 
being  made  as  the  volumes  reach  the  capacity  of  the  streets. 
The  route  choice  factors  were  rated  basically  the  same 
by  all  subgroups  of  the  sample  and  the  relative  importance 
of  the  factors  for  the  work  trip  and  shopping  trip  were  like- 
wise equivalent.   Evaluation  of  the  attitudinal  items  which 
were  designed  to  indicate  trip  destination  preferences  for  the 
shopping  trip,  showed  that  travel  distance,  time  and  cost, 
were  not  the  predominant  factors  in  selecting  a  shopping 
location.   Of  greater  importance  were  characteristics  of  the 
commercial  development  itself  and  availability  of  parking. 
In  free  form  responses,  however,  many  respondents  did  indi- 
cate that  at  least  one  of  the  reasons  for  shopping  at  the 
selected  destination  was  because  the  location  was  the  closest 
opportunity  to  satisfy  the  needs  of  that  particular  trip. 
Thus,  while  time  and  distance  were  not  considered  as  the  most 
important  variables  in  selecting  a  trip  destination,  per  se, 
the  ability  to  satisfy  the  trip  at  the  nearest  opportunity 
was  important.   This  is  in  agreement  with  the  basic  concept 
of  the  Intervening  Opportunity  Model  for  trip  distribution. 

Household  Trip  Generation  Analysis 

Estimation  of  Zonal  Travel  from  Disaggregate  Models. 
This  research  indicated  that  relationships  which  occur  at  the 
decision  level  of  travel  tend  to  be  stable  over  time.   Home 
based  trip  production  models  developed  from  household  data 
from  357  single  family  households  in  1964  exhibited  model 
parameters  similar  to  household  models  based  on  data  from 
the  same  357  households  in  1971.   After  development  of  each 
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of  the  models,  the  household  equations  were  used  to  estimate 
zonal  area  trips  reported  by  all  single  family  households 
from  which  the  survey  data  were  drawn.   The  household  models 
from  1964  and  1971  were  equally  effective  in  estimating  the 
1964  zonal  trips. 

Household  models  were  also  developed  using  all  households 
interviewed  in  the  1964  IRTADS  study.   These  models  were  used 
to  estimate  the  total  area  home  based  trip  productions  which 
were  developed  by  IRTADS.   The  expanded  household  equations 
were  compared  with  the  zonal  based  trip  production  models 
used  by  IRTADS  and  were  found  to  be  nearly  comparable  for 
estimating  area  wide  travel  data.   The  household  model  is 
preferred  because  the  relationships  are  not  tied  to  an  arti- 
ficial aggregation  scheme.   The  household  model  evaluates 
relationships  which  occur  at  an  analysis  level  which  is  a 
common  unit  over  time,  therefore  the  model  parameters  are 
more  nearly  independent  of  changes  in  density  of  development 
or  size  of  an  areal  unit.   Also,  because  the  model  parameters 
are  not  tied  to  an  aggregation  unit  of  a  particular  study 
area,  the  observed  relationships  were  found  to  be  similar  for 
two  different  urban  areas,  Indianapolis  and  the  Tri-State 
area  including  New  York  City.   If  further  research  indicates 
that  travel  relationships  at  the  household  analysis  level  are 
consistent  for  different  geographic  areas,  the  planner  would 
be  better  able  to  use  information  from  one  study  area  to 
study  behavior  in  a  different  study  area. 

Reduction  in  Data  Requirements.   The  research  also  noted 
that  because  the  survey  data  is  used  more  completely,  con- 
siderably less  data  would  be  necessary  for  estimating  house- 
hold trip  productions.   Whereas,  IRTADS  selected  five  percent 
of  the  households  in  Indianapolis  for  developing  travel  re- 
lationships, this  research  also  developed  models  based  on  an 
effective  one  percent  sampling  rate.   The  trip  estimates 
from  the  data  set  which  was  reduced  by  eighty  percent  were 
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equivalent  to  the  estimates  obtained  from  the  larger  data 
set.   In  the  continuing  transportation  study,  it  should  be 
possible  to  monitor  changes  in  travel  characteristics  with 
substantially  smaller  data  sets  than  are  used  for  the  zonal 
models . 

Causal  Structure  of  Trip  Generation  Variables.   The  pri- 
mary factors  important  in  explaining  variations  in  household 
travel  were  family  size  and  auto  ownership.   Other  variables 
which  have  been  found  significant  in  explaining  travel  be- 
havior were  also  investigated.   The  variables  given  primary 
consideration  were  number  of  household  members  in  the  labor 
force,  family  income,  occupation  of  the  head  of  household, 
stage  in  the  family  life  cycle  and  the  relative  accessibility 
of  the  household  to  activity  centers  in  the  urban  area.   A 
theory  of  the  causal  priorities  of  these  variables  was  hy- 
pothesized and  tested  using  analysis  of  variance  and  causal 
analysis  modeling  techniques.   The  research  found  that  while 
the  additional  variables  are  important  in  understanding  the 
relationships  which  affect  travel  behavior,  the  variables 
are  not  the  direct  causes  of  varying  trip  generation  rates. 
Income,  labor  force,  and  level  of  accessibility  are  more 
important  in  defining  variations  in  auto  ownership  rates. 
Labor  force  and  occupation  of  the  head  of  the  household  are 
important  in  defining  the  level  of  family  income.   Income, 
in  turn,  is  an  indicator  of  the  type  of  housing  or  quality  of 
living  which  the  family  is  able  to  attain.   As  such,  income 
was  found  to  be  the  strongest  indicator  of  the  level  of  ac- 
cessibility in  which  the  family  may  choose  to  reside.   The 
mathematical  equations  which  represented  the  above  relation- 
ships were  simultaneously  subjected  to  analysis  in  a  struc- 
tural model  to  test  the  consistency  of  the  hypothesized 
causal  structure.   The  causal  structure  was  found  to  be 
faithful  in  representing  the  observed  correlations  in  the 
data. 
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Application  and  Recommendations  for  Future  Research 
Household  trip  generation  relationships  can  be  effec- 
tively expanded  to  estimate  zonal  home  based  travel.   For 
the  single  family  households  in  this  study,  the  relation- 
ships were  found  to  be  relatively  stable  over  time.   Since 
a  much  smaller  data  set  would  be  necessary  to  develop  the 
model  parameters,  it  is  suggested  that,  in  the  continuing 
transportation  study,  the  planner  could  monitor  possible 
changes  in  the  model  parameters  much  more  efficiently  by 
examining  household  data  rather  than  zonal  average  data.   Af- 
ter analysis  at  the  household  level,  the  trip  generation 
equations  such  as  developed  in  this  research,  could  be  ex- 
panded to  whatever  aggregate  level  the  planner  desired. 

Based  on  the  analyses  and  results  of  this  dissertation 
extensions  of  the  research  are  recommended.   First,  this  re- 
search has  analyzed  the  stability  of  travel  characteristics 
of  a  select  group  of  families  which  have  lived  in  the  same 
single  family  household  for  a  minimum  of  seven  years.   There 
is  a  need  to  determine  if  the  general  population  would  demon- 
strate the  same  degree  of  stability  in  the  trip  generation 
relationships  and  the  same  general  response  to  the  mode  and 
route  choice  preferences.   This  general  population  would  in- 
clude families  living  in  other  dwelling  unit  types,  and  fam- 
ilies having  changed  residential  location  within  the  urban 
area. 

Secondly,  the  sampling  variability  of  the  household  data 
set  should  be  studied  further  to  determine  the  extent  to 
which  the  data  set  may  be  reasonably  reduced.   The  eighty 
percent  reduction  of  the  sample  in  this  study  indicates  that 
a  substantial  reduction  would  be  possible  for  estimating 
trip  production.   A  more  thorough  study  of  sampling  variabil- 
ity should  be  conducted  to  determine  the  possible  limits  to 
sample  size  reduction.   One  should  also  determine  the  level 
of  data  needs  in  the  continuing  phase  for  the  trip  distri- 
bution, modal  split  and  assignment  models  which  are  presently 
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used  in  transportation  planning. 

Finally,  comparison  of  household  trip  generation  re- 
lationships for  different  urban  areas  should  be  investigated 
to  determining  the  degree  of  comparability  of  the  model 
parameters  in  different  areas.   This  research  presented  some 
indication  that  the  model  parameters  may  be  similar  across 
study  areas.   If  this  is  the  case,  travel  relationships  de- 
veloped in  one  area  may  have  greater  applicability  in  a  sec- 
ond area  than  what  has  been  noted  when  aggregate  relation- 
ships are  studied. 

The  household  models  examined  in  this  research  provide 
a  means  of  studying  travel  characteristics  at  the  behavioral 
level  of  analysis.   The  developed  relationships  can  be  used 
to  obtain  areal  travel  estimates  which  are  necessary  in 
other  models  used  in  the  present  state  of  the  art  of  travel 
forecasting.   Because  of  the  potential  benefits  of  reduced 
data  requirements  and  better  understanding  of  travel  rela- 
tionships in  different  urban  areas,  the  disaggregate  level 
research  should  be  continued. 


LIST    OF    REFERENCES 


158 


LIST  OF  REFERENCES 


1.  Blalock,  H.M.  Jr. ,  Causal  Inferences  in  Nonexperimental 
Research,  University  of  North  Carolina  Press,  1964. 

2.  Botiny,  W. ,  "Trends  in  Automobile  Ownership  and  Indi- 
cators of  Saturation,"  Highway  Research  Record  106, 
Highway  Research  Board,  Washington,  D.C,  1966. 

3.  Box,  G.E.P.,  "Some  Theorms  on  Quadratic  Forms  Applied 
in  the  Study  of  Analysis  of  Variance  Problems,"  Annals 
of  Mathematical  Statistics,  Vol.  25,  June,  1954. 

4.  Bureau  of  Public  Roads,  U.S.  Department  of  Transporta- 
tion, Guidelines  for  Trip  Generation  Analysis,  U.S. 
Government  Printing  Office,  1967. 

5.  Deutschman,  H.D.,  "Auto  Ownership  Revisited:   A  Review 
of  Methods  Used  in  Estimating  and  Distributing  Auto 
Ownership,"  Highway  Research  Record  205,  Highway  Re- 
search Board,  Washington,  D.C,  1967. 

6.  Dixon,  W.J.,  and  F.J.  Massey  Jr.,  Introduction  to  Sta- 
tistical Analysis,  McGraw-Hill  Book  Company,  New  York, 
1969. 

7.  Domencich,  T.A. ,  G.  Kraft,  and  J. P.  Vallette,  "Estima- 
tion of  Urban  Passenger  Travel  Behavior:   An  Economic 
Demand  Model,"  Highway  Research  Record  238,  Highway 
Research  Board,  Washington,  D.C,  1968. 

8.  Draper,  N.  and  H.  Smith,  Applied  Regression  Analysis, 
John  Wiley  and  Sons,  New  York,  1966. 

9.  Duncan,  O.D.,  "Path  Analysis:  Sociological  Examples," 
American  Journal  of  Sociology,  Vol.  72,  1966. 

10.  Fleet,  C.R.,  and  S.R.  Robertson,  "Trip  Generation  in 
the  Transportation  Planning  Process,"  Highway  Research 
Record  240,  Highway  Research  Board,  Washington,  D.C, 
1968. 

11.  Guilford,  J. P.,  Psychometric  Methods,  McGraw-Hill , Inc. , 
New  York,  1954. 

12.  Gulliksen,  H. ,  "A  Least  Squares  Solution  for  Paired 
Comparison  with  Incomplete  Data,"  Psychometrika,  Vol.  21, 
1956. 


159 


13.  Heise,  D.R.,  "Problems  in  Path  Analysis  and  Causal 
Inferences,"  Sociological  Methodology,  1969,  E.F. 
Borgatta,  Ed.,  Jossey-Bass  Inc.,  San  Francisco,  1969. 

14.  Indianapolis  Regional  Transportation  and  Development 
Study,  Home  Interview  Survey  Manual,  1964. 

15.   ,  Origin-Destination  Survey  Coding  Manual, 

1964. 

16.   ,  "Trip  Generation  Analysis,"  Technical  Work 

Paper,  1966. 

17.  ,  "Travel  Characteristics,"  Technical  Work 

Paper,  1966. 

18.  Kain,  J.F.,  "A  Multiple  Equation  Model  of  Household 
Locational  and  Trip  Making  Behavior,"  RAND  Memorandum 
3086 ,  RAND  Corporation,  Santa  Monica,  Cal . ,  1962. 

19.  Kassoff,  H.  and  H.  Deutschman,  "Trip  Generation:   A  Cri- 
tical Appraisal,"  Highway  Research  Record  297,  Highway 
Research  Board,  Washington,  D.C.,  1969. 

20.  Land,  K. ,  "Problems  in  Path  Analysis  and  Causal  Infer- 
ences," Sociological  Methodology,  1969,  E.F.  Borgatta, 
Ed.,  Jossey-Bass,  Inc.,  San  Francisco,  1969. 

21.  Lansing,  J.B.,  and  G.  Hendricks,  Automobile  Ownership 
and  Residential  Density,  Institute  for  Social  Research, 
University  of  Michigan,  Ann  Arbor,  1967. 

22.  MacGillivray,  C.I.,   A  Study  of  Billboards  and  Junkyards 
as  Related  to  Some  Aspects  of  the  Aesthetics  of  the 
Highway  Environment,  Purdue  University,  M.S.  Thesis, 
August,  1969. 

23.  Manheim,  M. ,  "Practical  Implications  of  Some  Fundamental 
Properties  of  Travel  Demand  Models,"  Paper  presented  to 
Highway  Research  Board,  January,  19  72. 

24.  Martin,  B.V. ,  F.W.  Memmot  III,  and  A.J.  Bone,  Principles 
and  Techniques  of  Predicting  Future  Demand  for  Urban 
Transportation ,  M.I.T.  Press,  Cambridge,  Massachusetts, 
1966. 

25.  McCarthy,  G.M. ,  "Multiple  Regression  Analysis  of  House- 
hold Trip  Generation  -  A  Critique,"  Highway  Research 
Record  2  97,  Highway  Research  Board,  Washington,  D.C., 
1969. 


160 


26.  McMillan,  R.,  and  H.  Assael,  "National  Survey  of  Trans- 
portation Attitudes  and  Behavior,"  National  Cooperative 
Highway  Research  Program  Report  Number  82,  Washington, 
D.C.,  1969. 

27.  Michaels,  R.M. ,  "Attitudes  of  Drivers  Determine  Choice 
between  Alternate  Highways,"  Public  Roads,  Vol.  33, 
No.  11,  December,  1965. 

28.  Nakkash,  T. ,  Activity-Accessibility  Models  of  Trip 
Generation,  Purdue  University,  Ph.D.  Thesis,  June,  1969. 

29.  Nash,  A.N. ,  and  S.J.  Hille,  "Public  Attitudes  Toward 
Transport  Modes:   A  Summary  of  Two  Pilot  Studies," 
Highway  Research  Record  233,  Highway  Research  Board, 
Washington,  D.C.,  1968. 

30.  Oi ,  W.  and  P.  Shuldiner,  Analysis  of  Urban  Travel  Demand, 
Northwestern  University  Press,  1962. 

31.  Paine,  F.T.,  et.  al.,  "Consumer  Conceived  Attributes 
of  Transportation:   An  Attitude  Study,"  Maryland  Uni- 
versity, Department  of  Business  Administration,  1967. 

32.  Quandt,  R.E.,  and  W.  Baumol,  "Abstract  Mode  Model: 
Theory  and  Measurement,"  Journal  of  Regional  Science, 
Vol.  6,  No.  2,  1966. 

33.  Robinson,  W.S.,  "Ecological  Correlations  and  the  Be- 
havior of  Individuals,"  American  Sociological  Review, 
Vol.  15,  June,  1950. 

34.  Siegel,  S.,  Nonparametric  Statistics  for  the  Behavioral 
Sciences ,  McGraw-Hill  Book  Company,  New  York,  1956. 

35.  Simon,  H. ,  Models  of  Man,  John  Wiley  and  Sons,  Inc., 
New  York,  195  7. 

36.  Stowers,  J.  and  E.  Kanwait,  "The  Use  of  Behavioral  Sur- 
veys in  Forecasting  Transportation  Requirements," 
Highway  Research  Record  106,  Highway  Research  Board, 
Washington,  D.C.,  1966. 

37.  Suits,  D. ,  "The  Use  of  Dummy-Variables  in  Regression 
Equations,"  American  Statistical  Association  Journal, 
Vol.  52,  December,  1957. 

38.  Torgeson,  W.S.,  Theory  and  Methods  of  Scaling,  John 
Wiley  and  Sons,  Inc.,  New  York,  1967. 

39.  U.S.  Bureau  of  Census,  "Income  in  1970  of  Families  and 
Persons  in  the  United  States,"  Current  Population  Re- 
ports, Consumer  Income,  April,  1971. 


161 


40.  Wachs,  M. ,  Evaluation  of  Engineering  Projects  Using 
Perceptions  and  of  Preferences  for  Project  Character- 
istics, Northwestern  University,  Ph.D.  Thesis,  March, 
1967. 

41.  Walker,  J.R.,  "Social  Status  of  Head  of  Household  and 
Trip  Generation  from  Home,"  Highway  Research  Record 
114,  Highway  Research  Board,  Washington,  D.C.,  1966. 

42.  Wheeler,  J.,  "Some  Effects  of  Occupational  Status  on 
Work  Trips,"  Journal  of  Regional  Science,  Vol.  9,  No.  1, 
1968. 

43.  Wold,  H. ,  and  L.  Jureen,  Demand  Analysis,  John  Wiley 
and  Sons,  New  York,  1953. 

44.  Worrall,  R.D.,  "The  Urban  Panel  as  a  Longitudinal  Data 
Source,"  Highway  Research  Record  194,   Highway  Research 
Board,  Washington,  D.C.,  1967. 

45.  Wright,  S.,  "The  Method  of  Path  Coefficients,"  Annals 
of  Mathematical  Statistics,  V,  September,  1934. 

46.  Wright,  S.,  "The  Genetical  Structure  of  Populations," 
Annals  of  Eugenics,  XV,  March,  1951. 


General  References 

ABT  Associates,  Inc.,  Qualitative  Aspects  of  Urban  Personal 
Travel  Demand,  Cambridge,  Massachusetts,  1968. 

Brand,  D. ,  "Theory  and  Method  in  Land  Use  and  Travel  Fore- 
casting," Presented  at  the  Highway  Research  Board 
Meeting,  January,  1972. 

Butler,  E.W. ,  et  al . ,  "Moving  Behavior  and  Residential  Choice 
-  A  National  Survey,"  National  Cooperative  Highway  Re- 
search Project,  Report  No.  81,  Highway  Research  Board, 
Washington,  D.C.,  1969. 

Crespi,  I.,  Attitude  Research,  American  Marketing  Associa- 
tion, Chicago,  1965. 

Heathington,  K.W. ,  On  the  Development  of  a  Freeway  Driver 
Information  System,  Northwestern  University,  Ph.D. 
dissertation,  June,  1969. 


162 


Haney,  D. ,  "Consistency  in  Transportation  Demand  and  Evalua- 
tion Models,"  Paper  Prepared  for  Presentation  at  Annual 
Highway  Research  Board  Meeting,  1972. 

Hurst,  M.E.E. ,  "The  Structure  of  Movement  and  Household 

Travel  Behavior,"  Urban  Studies,  Vol.  6,  No.  1,  Uni- 
versity of  Glasgow,  February,  1969. 

Kahn,  R. ,  and  J.  Cannell,  The  Dynamics  of  Interviewing, 
John  Wiley  and  Sons,  Inc.,  New  York,  1957. 

National  Committee  on  Urban  Transportation,  Better  Transpor- 
tation for  Your  City,  1958. 

Oppenheim,  A. ,  Questionnaire  Design  and  Attitude  Measurement, 
Basic  Book,  New  York,  1966. 

Ostle,  B. ,  Statistics  in  Research,  The  Iowa  State  University 
Press,  Ames,  Iowa,  1963. 

Payne,  S.L.,  The  Art  of  Asking  Questions,  Princeton  Univer- 
sity Press,  Princeton,  New  Jersey,  1957. 

Reichman,  S. ,  and  P.  Stopher,  "Disaggregate  Stochastic 

Models  of  Travel-Mode  Choice,"  Highway  Research  Record 
369 ,  Highway  Research  Board,  Washington,  D.C,  1971. 

Ruiter,  E.,  "Improvements  in  Understanding,  Calibrating,  and 
Applying  the  Opportunity  Model,"  Highway  Research  Rec- 
ord 165,  Highway  Research  Board,  Washington,  D.C,  1967. 

Shaw,  M. ,  and  J.  Wright,  Scales  for  the  Measurement  of  Atti- 
tudes, McGraw-Hill,  New  York,  1967. 

Stopher,  P.R. ,  and  T.  Lisco,  "Modelling  Travel  Demand:   A 

Disaggregate  Behavioral  Approach  -  Issues  and  Applica- 
tion," Proceedings  Transportation  Research  Forum, 
Richard  B.  Cross  Company,  Oxford,  Indiana,  1970. 

Thurstone,  L.L.,  The  Measurement  of  Values,  The  University 
of  Chicago  Press,  Chicago,  1929. 

Vitt,  J.E. ,  et  al.,  "Determining  the  Importance  of  User 

Related  Attributes  for  a  Demand-Responsive  Transporta- 
tion System,"  General  Motors  Research  Publication, 
GMR-941,  December,  1969. 


APPENDIX  A 
HOME  INTERVIEW  QUESTIONNAIRE  AND  RELATED  MATERIALS 


163 


APPENDIX  A 
HOME  INTERVIEW  QUESTIONNAIRE  AND  RELATED  MATERIALS 

The  following  questionnaire  appears  in  the  exact  form 
as  used  in  the  1971  survey.   A  copy  of  the  letter  sent  to 
the  households  and  a  sample  form  used  to  record  trips  are 
attached. 


.64 


INDIANAPOLIS  AREA  TRANSPORTATION  STUDY 


Sample  Name 


Sample  Address 


Sample  Number^ 
Area  Number 


Travel  Date 


Principal  Respondent 


Interviewer's  Name 
Date  of  Interview 


Time  of  start 


Time   of   completion 


( r 


1.       I  would  like  to  begin  by  getting  some  information  about  each  person  that 
lives  here. 


INTERVIEWER:     Obtain  the  data  in  columns  one  (1)  through  six  (6)  at 
the  beginning  of  the  interview.      At  the  completion  of  the  interview, 
return  to  this  section  to  obtain  the  information  in  columns   seven  (7) 
through  nine  (9). 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(?) 

(8) 

(9) 

Person 
No. 

Relation 
to 
Head 

Sex 

Licensed 

Driver 
(/  if   yes) 

Years 
Driven 

Occupation 

Age 

Ed  ucation 

Mar  ital 
Status 

1 

2 

3 

4 

5 

6 

7 

8 

If  more  than  8  members  live  at  th 
who  reside  here  but  are  not  listed 

is  address,    write  in  Y 

lere  the  number  of 

people 

INTERVIEWER: 

Column  8,   Education  Codes 


1.  8th  Grade  or  less 

2.  2  yrs  of  High  School  or  less 

3.  High  School  Graduate 

4.  2  yrs.    of  College  or  less 

5.  College  degree 

6.  Graduate  Work 

7.  Business  or  Vocation  School 


6  6 


l.       How  many  persons  are  regularly  enrolled  in  primary  or  secondary 
school? 

3.       How  many  autos  are  owned  here? 


4.       How  many  c  omp  any -owned  autos  are  garaged  here? 


5.  How  many  miles  or  blocks  is  it  to  the  nearest  freeway  or  expressway? 

Miles  or  blocks 

6.  Is  there  a  place  near  your  home  where  you  can  walk  to  catch  a  city  or 

suburban  bus?  yes  no 

7.  How  many  blocks  is  it  to  the  nearest  bus  stop? 

Circle  one:     0       12345678      or  more  blocks 


Don't  know. 


INTERVIEWER:     If  Respondent  is  unaware  of  Bus  Service  or  if  nearest 
bus  stop  is  8  or  more  blocks,    skip  to  Q.    10. 


8.  How  often  does  a  bus  come  by  the  bus  stop  at  the  time  of  day  (Head)  leaves 

for  work?  Every  minutes 

9.  How  often  does  a  bus  come  by  during  the  middle  of  the  day,    say  at  1 :00  P.M.?   ■ 

Every  minutes 

10.  In  the  introductory  letter  which  we  sent  to  you,    we  asked   that  each  member  of  the 

family     keep  a  record  of  the  numbers  of  trips  he  made  on 

(Travel  Date).      I  would  like  to  record  that  information  now.      Let's 


start  with  the  head  of  the  house. 


INTERVIEWER:     Fill  in  trip  report  information  on  next  two  pages,    using 
additional  forms  (HI-4)  if  necessary.     Also  record  trips  made  by  anyone  from 
out  of  the  area  who  was  visiting  at  this  household  on  the  TRAVEL  DATE. 

Record  here  the  Number  of  Out-of-Area  Visitors 


00    a. 


5 

a. 
O 


number 

in 

car 

Blocks 
w  a  Ik  e  d 
at 
destination 

Blocks 
walked 

at 
origin 

cu 
o 

Q. 
u 

3 

a. 
"o 

s 

0 

s 

o 

3 

> 

u 
u 
nj 

£      I 

£       £ 

6       6 

cd       .  a. 

£       £ 

t-t 

cd 

in 

cd            |CL 

£      6 

cd         a 

B       £ 

cd       -  a 

£       £ 

cd        |  Cl- 

£      £ 

cd        .  a 

Mode 
of 
travel* 

— 

Where  did  this 
trip  end  ? 
(destination) 

Ifl 
(0 
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V 
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Where  did  this 
trip  begin? 
(Origin) 
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11.  Now  1  would  like  to  ask  some  questions  about  travel  which  you  and  other  members 
of  the  household  do  within  the  area  here.  First  I  would  like  to  ask  some  questions 
about  means  of  transportation  which  members  of  your  family  use  to  get  to  work. 

Which  members  of  this  household,    16  years  old  or  older,    make  a  regular  trip  to 
work  two  or  more  times  a  week? 

Relation  to  Head  Person  No.  Check   (,/)   it   the   person 

(from  page   1)  replies    to  Form   1A 


INTERVIEWER 

:      If  no  one  makes  a  regular  work  trip. 

skip 

to  Question  47 

page 

13  ■ 

Request  any  of 

the  other  members  of  the  household 

who 

are 

available 

and  w 

ho 

make  a  regular 

work  trip  to  f  i  11  out  Form   1A  of  the 

survey 

form. 

If  respondent  does  not  make  a  regular  work  trip  and 

no 

othe 

r   regular 

worker   is 

available  to  answer  form  1A,    SKIP  to  Question  lie. 

HAND  RESPONDENT  (S)  FORM   IA 

11a.         There  are  several  characteristics  of  a  transportation  system  such  as 

cost,     comfort,    convenience  and  so  forth,    which  seem  to  have  different 
degrees  of  importance  to  people  when  making  a  trip. 

Assuming  that  you  had  a  choice   of  ways  to  travel,    1  would   like   you   Lo   tell 
me  how  important  the  factors  in  this  list  would  be  to  you  in  choosing  a 
means  ot  transportation  to  get  to  work. 

Choose  a  number  somewhere  on  the  scale  which  indicates  how   important 
you  feel  the  particular   item  would   be   to  you  in  choosing  a  means   ol 
transportation  to  go  to  work.     If  an  item  is  not  at  all  important,    you  may 
circle  the  number   1.      If  an  item  is   of  greatest  importance,    you  may.  circle 
the  number  7.      If  your  feelings   lie   somewhere   in  between  you   should"  circle 
a  number  on  the  scale  which  best  describes  how  important  that  character- 
istic would  be  to  you  when  choosing  a  way  to  go  to  work. 


h'j 


Person  No. 


FORM  1A 


0 


is  it 


When  choosing  a  means  of  travel  to  get  to  work,  how  important 


A.  to  be  able  to  go  whenever 
you  want  to? 

B.  to  be  able  to  ride  with 
less  strain  and  tension? 

C.  to  feel  confident  vehicle 
will  get  to  destination 
without  an  accident? 

D.  to  be  able  to  ride  in  areas 
which  are  familiar  to  you? 

E.  to  have  a  comfortable 
vehicle  to  ride  in? 

F.  to  feel  confident  the  vehicle 
will  not  be  stopped  for 
repai  rs? 

G.  to  be  independent  of  others 
for  your  transportation? 

H.   to  make  the  trip  as  fast 
as  possible? 

I.   to  travel  in  an  uncrowded 
vehicle? 

J.   to  be  able  to  ride  with 
people  you  like? 

K.   to  use  a  means  of 
transportation  which 
costs  less? 

L.   to  be  protected  from  the 
weather? 


Not 
At  All 
Important 


2 
2 

2 
2 
2 

2 
2 
2 
2 
2 

2 
2 


Of 

Greatest 

Importance 


7  0 


Do  any  of  you  drive  to  work?     Yes 


No 


Skip  to  Question  11C 


Interviewer:      Hand  Form  2A  to  each  person  who  drives  to  work. 


On  this  sheet  you  will  find  several  sets  of  items  which  might  be  important   to  you 
in  choosing  the  route  you  take  when  going  to  work.     For  each  pair,     I  would  like 
you  to  circle  the  item  which  is  more  important  to  you  when  choosing  your  route 
to  work. 


Interviewer:    Go  through  Form  2A  with  respondent  (s)  and  then  return 

to 

question  lie  Below. 

Now  for  each  member  of  the  household  which  you  listed  before,    1  would   like 
to  ask  some  questions  about  their  trip  to  work. 


Interviewer : 

For 

each  member  of  the 

Household 

wh 

j  makes 

a 

re 

gular 

woi 

k 

trip 

repeat 

ques 

ions    12   through  46  . 

Use  this  q 

ues 

lonnaire 

f 

or 

Head 

ol 

House  or  the 

firsl 

working  member  of 

household . 

Use 

additional  forms   (3A)  for   other   workers   listed. 

1.7] 


Person   No.  FOIW   2A-1  80 

When  choosing  between  two  routes  to  go  to  work  would  you  choose: 

1.  A.  A  route  with  a  shorter  driving  time;  or 

B.  A  route  with  less  congestion  and  strain  to  driving. 

2.  A.  A  route  through  more  pleasant  neighborhoods;  or 

B.  A  route  with  less  congestion  and  strain  to  driving. 

3.  A.  A  route  which  you  feel  may  be  safer;  or 

B.  A  route  with  fewer  stop  signs  and  signals. 

4.  A.  A  route  with  less  congestion  and  strain  to  driving;  or 
B.  A  route  with  a  shorter  distance. 

5.  A.  A  route  with  more  stores,  service  stations  and  restaurants;  or 
B.  A  route  with  a  shorter  distance. 

6.  A.  A  route  with  a  shorter  distance;  or 
B.  A  route  with  a  shorter  driving  time. 

7.  A.  A  route  through  more  pleasant  neighborhoods;  or 
B.  A  route  which  you  feel  may  be  safer. 

8.  A.  A  route  through  more  pleasant  neighborhoods;  or 

B.  A  route  with  more  stores,  service  stations  and  restaurants. 

9.  A.  A  route  with  a  shorter  driving  time;  or 

B.  A  route  through  more  pleasant  neighborhoods. 

10.  A.  A  route  through  moro  pleasant  neighborhoods;  or 
B.  A  route  with  a  shorter  distance. 

11.  A.  A  route  with  less  congestion  and  strain  to  driving;  or 
B.  A  route  with  fewer  stop  signs  and  signals. 


i 


FORM  2A-2 


m 


12.  A.  A  route  with  fewer  stop  signs  and  signals;  or 
B.  A  route  through  more  pleasant  neighborhoods. 

13.  A.  A  route  with  a  shorter  driving  time;  or 
B.  A  route  which  you  feel  may  be  safer. 

14.  A.  A  route  with  less  congestion  and  strain  to  driving;  or 

B.  A  route  with  more  stores,  service  stations  and  restaurants. 

15.  A.  A  route  with  fewer  stop  signs  and  signals;  or 

B.  A  route  with  more  stores,  service  stations  and  restaurants. 

16.  A.  A  route  with  a  shorter  driving  time;  or 

B.  A  route  with  fewer  stop  signs  and  signals. 

17.  A.  A  route  with  less  congestion  and  strain  to  driving;  or 
B.  A  route  which  you  feel  may  be  safer. 

18.  A.  A  route  with  more  stores,  service  stations  and  restaurants;  or 
B.  A  route  which  you  feel  may  be  safer. 

19.  A.  A  route  with  a  shorter  distance;  or 
B.  A  route  which  you  ftel  may  be  safer. 

20.  A.  A  route  with  fewer  stop  signs  and  signals;  or 
B.  A  route  with  a  shorter  distance. 

21.  A.  A  route  with  more  stores,  service  stations  and  restaurants;  or 
B.  A  route  with  a  shorter  driving  time. 


17 


FORM  3A-1 
This   trip  report  is  for  Person  Number 


12.  How  many  miles  is    it  to  place  where  (worker)  is  employed? 

13.  How  many  days  a  week  does  (worker)  go  to  work? 


14.  How  many  times  a  week  does  (worker)  drive  by  himself    (herself)  to 

get  to  work? 

15.  How  many  times  a  week  does  (worker)  ride  or  drive  in  a  car  pool  to  get  to 

work? 

16.  How  many  times  a  week  does  (worker)  ride  a  bus  to  get  to  work? 

17.  How  many  times  a  week  does  (worker)  ride  a  taxi  to  get  to  work? 


18.        How  many  times  a  week  does  (worker)  walk  or  bicycle  to  get  to  work? 


Interviewer:     Check  the  first  box 

that 

applies 

to 

work 

er  and 

go  to 

i  nd  u:  a  te  d 

question. 

Worker  never  goes  in  private  auto  or 

bus 

go 

to  Q. 

19 

Worker  always  goes  by  auto 

g° 

to  Q. 

28 

Worker  always  goes  by  bus 

go 

to  Q. 

32 

Worker  sometimes  goes  by  auto 

go 

to  Q. 

25 

Worker  sometimes  goes  by  bus 

go 

to  Q. 

25 

19.  Why  does  worker  choose  the  means  of  transportation  that  he  uses  to  go  to  work? 

20.  Would  (worker)  prefer  to  make  the  trip  by  some  other  means  of  transportation? 

Yes  No  Co  to  Q.   21 


20a.        What  way  would  he  (she)  prefer? 
20b.        Why  would  that  b*  bettar? 


21.       How  long  does  it  take  (worker)  to  gat  from  home  to  the  place  he  (she)  is  employed 

mi  Bute  a 


I  74 


FORM  3A 


10 


11. 


23. 


How  much  does  it  cost  (worker)  to  get  to  his  (her)  place  of  employment? 

r  Don't  know 


Is  there  a  car  available  which  worker  could  use  to  make  this  trip? 

yes No Go  to  Q.    24 

23a.         How  long  would  it  take  (worker  )  to  get  to  work  if  he  (she)  were 
to  go  by  private  auto? minutes  Don*  I  know 

23b.         How  much  would  you  say  it  would  cost  for  gas  oil  and  parking  if  he 

(she)  were  to  go  by  private  auto?  £  Don't  know 


24. 


Could  (worker)  have  used  the  bus  to  get  to  work? 
Yes Go  to  Page    12      Q.    40  No 


Go  to  Page        13  Q.    47 


***************************************** 
These  questions  are  for  respondents  who  use  either  private  auto  or  bus  for  some 
of  the   work  trips. 

25.  Why  does   (worker)   sometimes   go  one  way  and  at  other  times  he   (she)   uses  a 
different  means  to  get  to  work? 

26.  How  would  (worker)  prefer   to  go  to  work? 

27.  Why  do  you  feel  (worker)  would  prefer  going  that  way? 


28. 


29. 


30. 


Int 

erviewer 

Check 

one  and  go 

to  1 

ndica 

ted 

question. 

Wor 

ker 

some 

times 

goes 

by 

car 

Go 

to  Q. 

28 

Wor 

ker 

never  goes 

by  car 

Go 

to 

Q.    32 

How  long  does  it  take  (worker)  to  get  from  home  to  his  (her)  place  of 

employment  when  he  (she)  goes  by  car?  minutes 

How  much  of  this  time  is  spent  looking  for  a  parking  space  and  walking  to  and 

from  the  car?  minutes 

Considering  costs  for  gas,    oil,    and  parking  -   -  or  the  amount   that  (he,  she)  pays 

others  to  drive   -   -  what  would  you  say  it  costs  (worker)  each  day  to  get  to  work? 

r  Don't  Know 


FORM  3A     -     3 


11 


31.  Does  (worker)  use  the  car  in  his  (her)  job?         Y< 


No 


Interviewer :     If  worker  does   not.  make  any   work   trips    by  city  Or  suburban   bus, 
SKIP   lo  Question  38. 


******   *   *   *   *   $$$$$$$$$$$$   *   *   *   *   *   *   *   *   *   *   *  if      *   *   *   *   *   * 

32.  How  long  does  it  take  (worker)  to  get  from  home  to  work  when  he  (she)   takes 

the  bus  ?  minutes 


33. 
34. 

35. 


3b. 


37. 


How  much  of  this  time  is  spent  walking  to  and  from  the  bus? 


m  l  n  u  I  e  s 


How  long  does   (worker)   usually  have   to  wait  for  a  bus   once  he   (she)   is  at  the 

bus  stop?  minutes 

Does   (worker)  have   to  transfer   to  get  to  his   (her)   place  ot   employ  men!  ? 

Yes No Go  to  Q.    36 

35a.         How  many   times  does   worker   transfer? 


35b.         How  much  time  does  it  lake  to  make  these   transfers?  minutes 

How  much  does  it  cost  (worker)  when  he  (she)  uses   the  busv 

£  Don't  know 

Would  there  have  been  a  car  available  at  home  that  (worker)  could  use  on   the 
days  that  he  (she)  rides  the  bus?  Yes  No 


Interviewer: 

Check 

one  box  a 

nd  go 

to 

indicated  q 

ues 

tion. 

Wor 

ker 

mak 

es  some  t 

rips 

by 

car 

Go 

to  Q. 

47 

Wor 

ker 

never  goes 

by 

car 

Go 

to  Q. 

43 

*  *  *  *  *  *  ***********************  t  *********  if  if 


7  6 


FORM   3A     -     4  12 


For  Respondents  who  never  use  the  bus  for  work  trips. 

38.  Does  a  city  or  suburban  bus   go   to  the  area  where   (worker)   is   employed? 

Yes No  Skip  to  Q.    47 

39.  Could  (worker)  have  used  the  bus  to  go  to  the  area  where  (worker)  is  employed? 

Yes  No Skip  to  Q.    47 

40.  How  often  would  (worker)  have  to  transfer  buses  if  he  (she)  were  to  take  the  bus? 


41.  Could  you  tell  me  how  long  it  would  take  worker  to  get  to  work  if 

he  rode  the  bus? 

minutes 


4Z.  How  much  would  it  cost  to  make  the  trip  to  work  by  bus  £  Don't  Know 

************************************************* 
SKIP  TO  QUESTION    47 

*********************************************;:-**::: 

For  Respondents  who  always  use  the  bus. 

43.  Would  (worker)  prefer     to  go  to  work  using  a  different  means  of  transportation? 

Yes No Skip  to  Q.    44 

43a.      What  way  would  he  prefer  to  go? 
43b.      Why  would  that  be  better? 

44.  Is   there  a  car  available  for  (worker)  to  use   to  go  to  work? 

Yes No Skip  to  Q.    47 

45.  Why  does  (worker)  take  the  bus  rather  than  go  by  car? 


46.  Considering  the  cost  for  gas,    oil  and  parking,    how  much  would  you  say  it 

would  cost  worker  to  go  to  work  by  car?  f  Don't  Know 
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47.  Now  I  would  like   to  ask  some  questions  about  trips  which  your  family  makes 

for  shopping.      I  would  like  you  to  consider  a  trip  to  shop  for  clothing. 


INTERVIE WER:     Request  any  other  adult  members   of  the  family  who  are 
available  to  fill  out  Form    4A. 


HAND  RESPONDENT(S)  FORM  4A 

There  are  several  characteristics  of  a  transportation  system  such  as  cost, 

comfort,    convenience  and  so  forth  which  seem  to  have  different  degrees  of 

importance  to  people  when  making  a  trip. 

Assuming  that  you  had  a  choice  of  ways  to  travel,    1  would  like  you  to  tell  me 

how  important  the  factors  in  this  list  would  be  to  you  in  choosing  a  means  of 

transportation  to  go  shopping. 

Choose  a  number  somewhere  on  the  scale  which  indicates  how  important  you 

feel  the  particular  item  would  be  to  you.      If  an  item  is  not  at  all  important, 

you  may  circle  the  number   1.     If  an  item  is  of  greatest  importance,    you  may 

circle   the  number   7.      If  your  feelings   lie  somewhere  m  between  you  should 

circle  the  number  on  the  scale  which  best  describes  how  important  thai 

characteristic  would  be  to  you  when  choosing  a  way  to  go  shopping. 


INTERVIEWER:     Go  through  Form  4A  with  Respondent  and  then  return  to  the 
section  below. 


************************************************ 


INTERVIEWER:     If  the  respondent  is  not  a  licensed  driver  and  no  licensed 
drivers  are  available  to  fill  out  form  5A,   SKIP  to        Q.    49 


48. 


HAND  RESPONDENT(S)  FORM  5A 

Here  is  another  list  of  items  which  might  be  important  to  you  in  choosing  the 
route  you  take  to  go  shopping.       For  each  pair,  I  would  like  you  to  circle  the 
item  which  is  most  important  to  you  when  choosing  a  route  to  go  shopping. 
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Person  No. 


FORM  4A 


ID 


When  choosing  a  means  of  travel  to  go  shopping,  how  important 
is  it: 


Not 
At  All 
Important 


Of 

Greatest 

Importance 


A.  to  feel  confident  vehicle 
will  get  to  destination 
without  an  accident? 

B.  to  make  the  trip  as  fast 
as  possi  ble? 

C.  to  be  independent  of  others 
for  your  transportation? 

D.  to  travel  in  an  uncrowded 
vehicle? 

E.  to  use  a  means  of  transporta- 
tion which  costs  less? 

F.  to  feel  confident  the  vehicle 
will  not  be  stopped  for 
repai  rs  ? 

G.  to  be  able  to  ride  in  areas 
which  are  familiar  to  you? 

H.   to  be  protected  from  the 
weather? 

I.   to  be  able  to  go  whenever 
you  want  to? 

J.   to  be  able  to  ride  with  less 
strain  and  tension? 

K.   to  be  able  to  ride  with  people 
you  like? 

L.   to  have  a  comfortable  vehicle 
to  ride  in? 


2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

15 
Person  No.  FORM  5A-1  CD 

When  choosing  between  two  routes  to  go  shopping,  would  you  choose 

1.  A.  A  route  which  you  feel  may  be  safer;  or 

B.  A  route  through  more  pleasant  neighborhoods. 

2.  A.  A  route  with  shorter  driving  time;  or 
B.  A  route  with  a  shorter  distance. 

3 .  A.  A  route  which  you  feel  may  be  safer;  or 

B.  A  route  with  more  stores,  service  stations  and  restaurants. 

4.  A.  A  route  with  fewer  signals  and  stop  signs;  or 
B.  A  route  with  shorter  driving  time. 

5.  A.  A  route  through  more  pleasant  neighborhoods;  or 

B.  A  route  with  less  congestion  and  strain  to  driving. 

6.  A.  A  route  which  you  feel  may  be  safer;  or 
B.  A  route  with  a  shorter  distance. 

7.  A.  A  route  which  you  feel  may  be  safer;  or 

B.  A  route  with  less  congestion  and  strain  to  driving. 

8.  A.  A  route  with  more  stores,  service  stations  and  restaurants;  or 
B.  A  route  with  a  shorter  driving  time. 

9.  A.  A  route  with  more  stores,  service  stations  and  restaurants;  or 
B.  A  route  with  a  shorter  distance. 

10.  A.  A  route  which  you  feel  may  be  safer;  or 

B.  A  route  with  fewer  stop  signs  and  signals. 

11.  A.  A  route  with  less  congestion  and  strain  to  driving;  or 

B.  A  route  with  more  stores,  service  stations  and  restaurants. 

(Please  Continue  on  Next  Page) 
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FORM  5A-2 


CD 


12.   A.    A  route  with  a  shorter  distance;  or 

B.    A  route  with  less  congestion  and  strain  to  driving. 


13. 

A. 

B. 

14. 

A. 

B. 

15. 

A. 

B. 

16. 

A. 

B. 

17. 

A. 

B. 

A  route  with  fewer  signals  and  stop  signs;  or 

A  route  with  more  stores,  service  stations  and  restaurants 

A  route  through  more  pleasant  neighborhoods;  or 
A  route  with  a  shorter  distance. 

A  route  with  less  congestion  and  strain  to  driving;  or 
A  route  with  fewer  stop  signs  and  signals. 

A  route  with  a  shorter  driving  time;  or 

A  route  through  more  pleasant  nei qhborhoods . 

A  route  throuqh  more  pleasant  neighborhoods;  or 

A  route  with  more  stores,  service  stations  and  restaurants. 


18.   A.    A  route  with  a  shorter  distance;  or 

B.    A  route  with  fewer  stoD  signs  and  siqnals 


19. 

A. 

B. 

20. 

A. 

B. 

21. 

A. 

B. 

A  route  with  a  shorter  driving  time;  or 
A  route  which  you  feel  may  be  safer. 

A  route  through  more  pleasant  neighborhoods;  or 
A  route  with  fewer  stop  signs  and  signals. 

A  route  with  less  congestion  and  strain  to  driving;  or 
A  route  with  shorter  driving  time. 
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Next,    I  would  like  to  get  some  information  about  a  recent  shopping  trip  which 
you  made  for   such  things  as  clothes,    small  household  appliances,    or  other 
household  needs. 
49a.  Have  you  used  the  bus   to  go  shopping  during  the  past  week? 

Yes  go  to  question  51 

No  go  to  question  49b 

49b.  Have  you  taken  a  shopping  trip  in  which  you  drove  yourself  ? 

Yes  go  to  question  51 

No  go  to  question  50 

Tell  me   then    about  your  most  recent  shopping  trip  for   clothes,    small  house- 
hold appliances,    or   other  household  needs,    in  which  you  wenl   in  a  private 
auto. 

Who  was  driving: 

Husband  Wife  Other  Male  Other  Female 


How  many  people  altogether  went  on  this  trip? 

What  day  was   this  trip  made? (day  and  date) 

What  in  general  were  you  shopping  for  ? 

Where  did  you  go  to  do  your   shopping?     Check  one. 
downtown  Indianapolis 

downtown  (other  incorporated  areas) 

neighborhood  shopping  center 

local  or  "corner"     store 


What  are  the  names  of  the  two  streets  which  meet  nearest  the  place  where  you 
did  your  shopping? 

How  many  miles  or  blocks  was  it  to  the  place  where  you  did  your  shopping? 
miles        or  blocks 
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How  long  did  it  take  you  to  get  to  that  location?  min. 

Considering  such  things  as  the  time  of  day,    the  means  of  travel  available   io  you, 
the  weather,    or  other  things   which  may  influence  you  in  deciding  where  you  might 
shop,    why  would  you  say  that  you  chose  to  go  where  you  did,    to  do  your  shopping 
this  time? 

Probe:     I  see,    is   there  anything  else? 

Did  you  actually  shop  at  more  than  one  store  at  this  location? 

Yes No 

a.  m. 
What  time  of  the  day  did  you  start  this  trip?  p.  m. 

Would  you  have  preferred  to  go  at  a  different  time  of  day? 

Yes  No  Skip  to  question  62 

a.  m. 
6  la.  What  time  would  be  better?  p.m. 

61b.  Why  would  that  be  better? 

Would  you  consider     shopping  at  any  other  places   to  obtain  the  items  you  wanted 

when  you  first  decided  to  go  shopping? 

Yes  No        Skip  to  question  63 

62a.  Would  any  of  these  alternatives  have  been  closer  to  home? 

Yes  How  many?  No 

62b.  How  long  would  it  have  taken  to  get  to  the  nearest  place  where 

you  could  have  obtained  the  goods  you  were  shopping  for? 

minutes 
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Interviewer:       If  respondent  is   talking  about    a  trip  made   by  bus,    skip  to 
question      67 


63.  How  long  did  it  take  you  to  find  a  place   to  park  once  you  got  to  your  destination  ? 

Less  than  a  minute  1-2  minutes  2-3  minutes 

3-5  minutes  More  than  5  minutes 

64.  How  much  did  it  cost  you  to  park?  £ 

65.  Would  you  prefer  to  make  your  shopping  trip  by  bus? 

Yes No Go  to  6  6 

65a.  Why  is  that? 

66.  Could  you  have  made  this  trip  by  bus  to  the  place  where  you  shopped? 

Yes  No  go  to  question  7  1 

66a.  How  long  do  you  think  it  would  take  you  to  get  there   il   you 

went  by  bus?  minutes 

SKIP  TO  QUESTION  7  1 

The  following  questions  apply  to  those  who  used  the  bus  for   this  trip. 

67.  At  the  time  that  you  made  this  trip  was  there  a  car  available  which  could  have 
been  used  to  go  shopping?      Yes  No  skip  to  question  6  8 

67a.  Why  did  you  choose  to  use  the  bus  instead  of  going  by  car? 

68.  Would  you  have  used  a  different  means  of  transportation  if  you  had  gone  a( 

a  different  time  of  day?     Yes  No  skip  to  question  69 

a.m. 
68a.  What  time  of  day  would  that  have  been?  p.m. 

68  b.  How  would  you  go  then? 

68c.  Would  you  have  preferred  to  use  that  alternative? 

Yes  No 
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69.  Would  you  have  preferred  to  shop  someplace  else  if  you  could  have  gone   there 

at  the  time  of  day  you  made  this  trip?       Yes  No 

7  0.  Could  you  tell  me  please  how  long  you  think  it  would  take   to  get  to  the  place 

where  you  shopped  if  you  had  gone  by  private  auto?  minutes 

71.  Now,    I  have  another  list  of  items  which  people  might  give  as  reasons  which  are 

important  to  them  in  choosing  where  they  will  go  to  do  their  shopping.      Please 
indicate  how   important  each  of  the   items   is   to  you  when  you  decide  where   to 
shop?      The  range   of  values   is   the  same  as  before.      1    indicates   the   item   ii   very 
unimportant,    7   indicates  the  item  is  very  important. 
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When  you  select  a  place  to  go  shopping  how  important  is  it: 

Not  Of 

At    All  Greatest 

Important  Importance 

A.  to  go  in  an  area  of  town  you  are 

familiar  with?  1234567 

B.  to  go  where  you  can  walk  around 

and  shop  at  several  stores?  12  3  4  5  6  7 

C.  to  go  where  there  are  many  employees 

to  help  you?  12  3  4  5  6  7 

D.  to  go  where  there  is  a  wide  selection 

of  items  to  choose  from?  12  3  4  5  6  7 

E.  to  go  where  you  can  make  the  trip 

in  the  shortest  time?  12  3         4  5  6  7 

F.  to  go  where  it  costs  less  to  park?  12  3  4  5  6  7 

■ 

G.  to  go  where  many  other  people  do 

their   shopping?  12  3  4  5  6  7 

H.  to  go  to  places  where  the  roads 

are  not  congested?  12  3         4  5  6  7 

I.  to  go  where  you  don't  have  to 

walk  far  after  you  get  off  the 
bus  or  out  of  the  car?  12  3         4  5  6  7 

J.  to  go  where  you  can  easily  return 

home?  12  3  4  5  6  7 

K.  to  go  where  you  can  ride  to 

several  other  stores  at 
different  locations?  12  3         4  5  6  7 

L.  To  go  where  you  can  quickly 

find  a  place  to  park?  12  3         4  5         6  7 


(Please  Continue  on  Next  Page) 


M.  to  go  where  the  cost  of  travel 

is  less? 

N.  to  shop  as  close  to  home 

as  possible? 


to  go  where  the  stores  and 
surroundings  have  a  pleasant 
appearance  ? 
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Not 
At    All 
Important 


Of 

Greatest 

Importance 


3  4 


3         4 
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72.  The  trips  which  we  have  been  talking  about  indicate  to  us  how  much  demand 
for  transportation,    families  like  yours  have.     Now  I  would  like  to  know  what 
changes  might  have  occurred  in  your  life  and  the  area  and  how  these  changes 
affected  your  travel.     I  will  read  you  a  list  of  items     which  may  be  changes 
which  have  occurred  in  your  household  or  in  the  community  over  the  last 
seven  years.      Would  you  please  tell  me  which  of  the  following  items  are 
changes  which  you  have  experienced  during  this  time. 

INTERVIEWER: 

1.  Read  through  the  list  of  items,     checking  those  which 
respondent  indicates  have  changed. 

2.  For  each  item  checked  in  the  list,  ask  the  respondent, 
in  your  own  words,  how  the  change  affected  the  amount 
the  members  of  the  household  travel. 

For  example:     "Would  you  say  that  because  of  the  change 
in  (Head's)  job  status,    the  amount  the  family  travels  by 
auto  in  the  urban  area  has  increased,    decreased,    or  did 
not  change. 

3.  Repeat  the  series  of  questions  of  (2)  for  changes  in  travel 
in  the  urban  area  by  public  transportation  (bus). 

73.  Were  there  other  changes  which  have  occurred  which  affected  the  amount 
you  travel? 

Yes No  Skip  to  question  74 

How  is  that? 


188 


24 


Changes 

Amount  of  Travel  in  Urban  area  by: 

(Check  if 

Automobile 

Public   Transportation 

Change 
occurred)       Cw 

In  creased 

Decreased 

Did  Not 
Change 

Increased 

Decreased 

Did  not 
Change 

Job  Status  of  Head 

Work  Location  of  Head 

Number  of  autos  owned 
by  Family  changed 

Marital  Status 

Change  in  Income  of 
family 

Increased  Family  size 

Children  becoming 
school  age 

Other  members  of  family 
becoming  licensed  drivers 

Children  leaving  home 

New  shopping  centers 
in  area 

New  Recreational 
facilities 

Quality  of  public  trans- 
portation changed 

New    freeway  facilities 

Quality  of  street 
facilities  changed 

18: 
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74.  Finally  we  would  like  to  get  your  opinions  about  how  you  feel  about  your  travel 

in  the  area.     For  each  statement  circle  the   1  if  you  strongly  disagree  and  the  7 
if  you  strongly  agree  with  the  statement.     If  your  feelings  lie  somewhere  in 
between,    circle  the  number  which  best  describes  your  feelings. 


Strongly  Strongly 

Disagree  Agree 


Travel  on  urban  streets  is 
difficult 

I  can  leave  to  make  a  trip  about 
any  time  I  like 

It  is  difficult  to  get  to  the  places 
I  would  really  like  to  go. 

I  find  it  relaxing  to  get  out  and 
take  a  trip  in  the  area 

I  don't  worry  too  much  about 
having  an  accident  when  I 
take  a  trip 

I  don't  generally  worry  about 
how  much  it  costs  me  for 
travel  when  I  decide  to  make 
a  trip 

I  would  rather  stay  at  home  than 
be  in  the  crowd  of  people  that 
are  out  on  the  road 


13  0 
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In  order  that  we  can  tell  how  different  families  differ  in  their  needs  for 
transportation,    and  to  determine  some  other  information  which  we  do  not 
know  from  the  1964  study,    I  would  like  to  ask  you  some  final  questions. 
a.  Was  the  head  of  the  house  hold  married  in  1964? 


c. 


d. 


Yes 


No 


How  many  children  were  there  in  this  household  in  1964? 

How  many  licensed  drivers  were  there? 

HAND  RESPONDENT  FORM  HI- 5 

Here  is  a  card  showing  income  ranges.     Which  code  shows 

most  closely  what  your  family  income  is  now  before  taxes? 

Code  Number 

e.  How  many  miles  did  the  family  drive  last  year? 

Miles 


f.  How  many  of  these  miles  would  you  say  (head)  drove? 

Miles 


INTERVIEWER:     Return  to  Question  Number   1  and  complete  the 
data  in  columns  7  through     9. 
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FORM 

III -5     INCOME  RANGE  CARD 

CODE 

WEEKLY 

MONTHLY 

YEARLY 

1 

$  0-  77 

$   0-  333 

*     0- 

3,999 

2 

77-  96 

333-  417 

4000- 

4,999 

3 

96-115 

417-  500 

5000- 

5,999 

4 

115-135 

500-  583 

6000- 

6  ,  9  9  9 

5 

135-154 

583-  667 

7000- 

7,999 

6 

154-192 

667-  833 

8000- 

9,999 

7 

192-231 

833-1000 

10,000- 

11  ,999 

8 

231-289 

1000-1250 

12,000- 

14,999 

9 

289-341 

1250-1500 

15,000- 

17,999 

10 

341-455 

1500-1999 

18,000- 

23,999 

11 

455  + 

2000  + 

24,000-* 
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Purdue    University 

JOINT      HIGHWAY      DCK1IICH     PROJECT 

CIVIL    ENGINEERING     BUILOING 

LAFAYETTE       INDIANA     47907 


PURDUE     UNIVERSITY 

AND 

ND'ANA      STATE      HIGHWAY      COMMISSION 


Dear  Householder: 

The  Joint  Highway  Research  Project  of  Purdue  University 
is  conducting  a  survey  in  cooperation  with  the  Indiana  State 
Highway  Commission.   The  purpose  of  this  survey  is  to  learn 
more  about  the  travel  needs  and  experience  of  the  people  in 
the  Indianapolis  area. 

Your  household  has  been  selected  from  a  listing  of 
households  that  were  interviewed  in  a  similar  survey  in  1964. 
One  of  our  representatives  will  call  on  you  in  a  few  days. 
The  facts  that  you  give  us  will  be  used  to  plan  for  the 
future  transportation  needs  of  the  people  in  the  Indianapolis 
region.   The  information  you  give  will  be  treated  strictly 
confidential  and  will  be  used  for  statistical  purposes  only. 

In  order  to  get  the  most  accurate  information,  each 
member  of  your  family  is  asked  to  record  on  the  enclosed  forms 
all  of  the  trips  which  he  or  she  makes  on 
Please  follow  the  sample  form  on  the  back  of  this  letter. 

Our  interviewer  will  call  you  and  arrange  a  time  to 
collect  the  information  on  your  trip  reports  and  ask  some 
other  questions  about  the  trips  you  make  in  the  area.   We 
hope  you  will  welcome  the  interviewer  and  the  opportunity 
to  provide  information  which  will  help  plan  for  our  trans- 
portation needs. 

Yours  truly, 


J.  F.  McLaughlin,  Director 
Joint  Highway  Research  Project 
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YOUR      TRIP     REPORT 


NAME. 


Jotf  A/      IB*/"** 


STARTED 
FROM 


ZI43    S"J*-'n  Grort  A*l> 
-  -fin ■ 


AND 

WENT 

TO 


LOCATION 


•  inetT  AffbaTna 


¥ 


TIME  OF 
TRIP 


BEGAN    _ 
7-S2.   (AM) 
"  PM 


ARRIVED 


UUU.VJUJ  jHS" 

7:  jTb  <&&*' 

'   PM 


NUMBER  OF 

BLOCKS 
WALKED 


AT  START 
0 


AT  END 


METHOD  OF 

TRAVEL 

(   ) 


3DROVE  A  CAR 
D CAR  PASSENGER 
□  BUS 

□school  bus 
□taxi 

□truck 


total 

PEOPLE 
IN  CAR 


THEN  I 

STARTED 

EBQM 


-»fBi«r  mmr~ 


BEGAB 

7>'f?<®\ 

m 


AT  START 

0 


AND 

WENT 
TO 

THEN   I 

STARTED 

FROM 


ARRIVED 

PM 


AT  END 
It, 


□  DROVE  A  CAR 

QCAR  PASSENGER 

IBBUS 

D SCHOOL  BUS 

OTAXI 

DTRUCK 


— e—  — ■  —  — 
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o 


AND 
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TO 
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ZSeSIot~ 
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BTAXI 
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EXAMPLE  OF  A 
COMPLETED  TRIP  REPORT 
FOR  ONE  PERSON 


T\ 


The  head  of  household  drove  to  the  bus 
stop  and  took  a  bus  to  work.  At  noon, 
he  took  a  taxi  to  lunch  but  walked  back 
to  work.  After  work,  he  took  a  bus  to 
vhere  hie  car  was  parked  and  drove  home. 
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APPENDIX  B 
RESPONDENT  CHARACTERISTICS  AND 
HOUSEHOLD  TRIP  PRODUCTION  RATES 

The  tables  in  this  appendix  give  additional  character- 
istics of  the  head  of  household  and  the  average  number  of 
home  based  trips  reported  by  the  357  households  observed  in 
this  research.   The  trip  reports  are  for  1964  and  1971  and 
are  reported  for  family  size,  auto  ownership,  and  income 
stratification. 
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TABLE  Bl   EDUCATION  OF  RESPONDENTS 


l)Eigth  grade  or  less 

2)Two  years  of  High  School 

3)High  School  Graduate 

4)Two  years  of  college 

5) College  Graduate 

6) Graduate  Work 

7) Vocational  School 


TABLE  B2   AGE  DISTRIBUTION  OF  HEAD  OF  HOUSEHOLD,  1971 


Number 
Respond* 

of 
5nts 

Percent  of 
Respondents 
in  Group 

43 

12 

48 

14 

139 

39 

59 

17 

33 

9 

22 

6 

12 

3 

Number  in  Percent  in 

Age  Group Age  Group 


Less  than  35  22  6 

35  to  44  59  17 

45  to  54  115  33 

55  to  64  95  27 

65  and  over  66  19 

TABLE  B3   FAMILY  STATUS  OF  HOUSEHOLDS  IN  1964  AND  1971 

Percent  of  Households 
in  Group 

1964 I97I 

Married  with  school  age 

children  54  43 

Married  without  school  age 

children  36  39 

Not  married  10  18 
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APPENDIX  C   CHARACTERISTICS  OF  WORK  TRIP  AND  SHOPPING  TRIP 


This  appendix  provides  a  summary  of  the  data  which  was 
obtained  in  the  unstructured  section  of  the  questionnaire. 
These  questions  were  directed  to  differentiate  between  tra- 
vel behavior  of  the  respondents  for  the  work  trip  and  a 
shopping  trip.   In  addition,  the  summated  rating  technique 
(Question  74)  which  was  used  to  evaluate  differences  in 
trip  production  for  individuals  with  different  attitudes 
towards  travel,  is  discussed. 

The  work  trip  questions  were  directed  to  determining 
modes  of  transportation,  trip  length  and  cost  character- 
istics. The  shopping  trip  was  investigated  in  somewhat 
greater  detail  with  an  interest  in  obtaining  information 
about  the  "why"  of  travel  choice.   Time  of  day,  mode  of 
travel,  length  of  trip,  and  reasons  for  selecting  the  partic- 
ular destination  were  given  special  consideration. 

For  each  trip  purpose  there  was  an  interest  in  distin- 
guishing characteristics  of  respondents  by  mode  of  travel 
selected,  however,  the  use  of  bus  transportation  by  the 
respondents  was  too  small  to  make  anything  other  than  gen- 
eral summarizations.  The  average  number  of  reported  vehicu- 
lar trips  per  household  was  9.31«  About  three  percent  of 
these  trips,  or  0.25  trips  per  household,  were  on  the  city 
or  suburban  bus  lines.  Moreover,  these  trips  were  generated 
from  only  48  households  of  the  357  in  the  survey. 

Lack  of  use  of  public  transportation  can  not  necessarily 
be  attributed  to  lack  of  availability  of  the  service  in  the 
areas  in  which  these  single  family  residences  were  located. 
Table  CI  provides  information  which  indicates  the  avail- 
ability of  public  transportation  service  to  the  households 
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of  this  survey  in  terms  of  distance  to  the  bus  line.   Over 
60$  of  the  households  are  within  three  blocks  of  a  city  or 
suburban  bus  line.   When  the  respondents  were  asked  if 
there  was  a  location  where  they  could  catch  a  bus,  81$ 
indicated  such  an  opportunity  existed.   However,  of  those 
indicating  this  opportunity,  only  fifty  percent  knew  the 
frequency  of  service  at  the  time  the  head  of  the  household 
left  for  work.   Thus,  even  though  some  service  is  available, 
a  large  percentage  of  the  households  in  the  study  did  not 
consider  this  transportation  as  a  viable  alternative j  many 
were  not  even  aware  of  the  frequency  of  service  provided. 


TABLE  CI   DISTANCE  TO  BUS  STOP  FOR  SURVEY  HOUSEHOLDS 


Number  of  Blocks  (n) 
to  Bus  Stop 


Percent  of  all  Respondents 
within  (n)  Blocks 


1 
2 
3 

5 
6 

7 

8  or  more 

Unknown 


29 

20 
14 

8 

5 
0 

1 
Ik 

9 


Summary  of  Work  Trip  Characteristics 


A  total  of  362  completed  forms  were  obtained  with  infor- 
mation about  the  trip  to  work  (Form  3A  of  Questionnaire.) 
The  dominance  of  automobile  usage  is  indicated  here  as  only 
13  workers  always  use  the  bus  to  get  to  work,  while  8  others 
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trade  off  between  bus  and  private  auto.   Workers  were  gener- 
ally satisfied  with  the  mode  of  transportation  used  to  get 
to  work.   Although  about  2$%   of  the  bus  users  would  prefer 
to  go  by  car,  this  represents  only  a  total  of  three  workers. 

The  length  of  the  work  trip  varied  according  to  the 
occupation  and  sex  of  the  worker  and  the  relative  access- 
ibility of  the  residential  location  of  the  worker.  The 
joint  affect  of  occupation  and  sex  is  exhibited  by  the  data 
in  Table  C2.   Managers,  salesmen  and  craftsmen  reported 
greater  work  trip  lengths  than  the  average  of  all  occupa- 
tion groups,  while  the  trip  length  of  the  professionals  was 
near  the  average  of  all  groups.   There  was  a  degree  of 
correlation  between  the  trip  length  and  the  income  range  of 
the  occupational  groups.  Each  of  the  four  groups  whose 
journey  to  work  is  equal  to  a  greater  than  the  average, 
also  report  average  incomes  above  the  average  of  all  groups. 
The  remaining  occupational  groups  report  lower  than  average 
trip  lengths  and  lower  than  average  income.   In  all  occupa- 
tional levels,  females  consistently  report  a  shorter  journey 
to  work. 

Table  C3  shows  the  effect  of  accessibility  on  work  trip 
length.  Since  accessibility  was  originally  defined  as  a 
relative  accessibility  to  employment  centers,  one  would 
expect  that  as  the  residential  location  becomes  less  access- 
ible to  employment  centers  the  journey  to  work  should  in- 
crease in  length.  This  was  clearly  the  case  for  the  house- 
holds in  the  study. 

Characteristics  of  the  Shopping  Trip 

Table  C4  provides  a  summary  of  the  distribution  of  the 
shopping  trip  destinations  for  three  modes  of  travel.  By 
far  the  greatest  percent  of  the  trips  were  destined  to 
neighborhood  shopping  centers.   Only  13  percent  were  directed 
to  the  Central  Business  District  of  Indianapolis.   Approxi- 
mately fifty  percent  of  the  trips  to  the  CBD  were  by  bus 
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TABLE  C2   AVERAGE  WORK  TRIP  LENGTH  FOR  OCCUPATION  AND  SEX 
GROUPS 


Male 


Female 


Both 
Sexes 


Professional 

8.1a 
(39)b 

6.1 
(15) 

7.5 
(5^) 

Managers 

10.5 
(27) 

6.9 
(5) 

9.9 
(32) 

Clerical 

6.9 
(21) 

6.4 
(5*0 

6.6 
(75) 

Salesman 

8.3 
(3D 

4.6 
(7) 

7.7 
(38) 

Craftsman 

9.6 

(78) 

9.6 

c 

(78) 

Operatives 


6.5 
(26) 


5.9 
(12) 


6.3 
(38) 


Service  Personnel 


7.1 
(10) 


3.8 
(17) 


5.5 
(35) 


All  Occupations 


8.4 
(240) 


5.8 
(110) 


7.6 
(350) 


Distance  in  Miles 

dumber  of  observations  in  parentheses 
'Less  than  5  observations 
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TABLE  C3  AVERAGE  WORK  TRIP  LENGTH  FOR  VARYING  LEVELS  OF 
ACCESSIBILITY 

Accessibility  Levels 


.010    .070   .14-0   .210   .280   .350 

to     to     to    to    to    and 

.069    .139    .209   .279   .3^9    up 


Length  of  work  trip 

12.67 

IO.69 

8.67 

7.08 

5.15 

5.0 

Number  of  Observations 

6 

44 

103 

122 

62 

25 

passengers.  Twenty-two  of  the  27  bus  trips,  or  82  percent, 
were  reported  by  females.   In  addition,  only  four  of  these 
trips  were  made  by  licensed  drivers,  indicating  the  high 
degree  of  captive  ridership  for  the  respondents  using  the 
transit  system. 

The  average  reported  trip  length  of  female  shoppers 
was  3«7  miles,  while  males  traveled  4.2  miles  to  shop. 

Reason  for  Selecting  Shopping  Location 
The  respondents  were  asked  to  indicate  the  reason  or 
reasons  for  selecting  the  shopping  location  which  they 
chose  for  this  particular  trip  (Question  58).   Table  C5  is 
a  summary  of  these  unstructured  responses.  The  summary 
indicates  the  importance  of  shopping  at  a  close  and  conven- 
ient shopping  destination.  Unfortunately,  in  the  free  re- 
sponse form,  the  meaning  of  convenience  is  not  defined  and, 
although  the  interviewer  was  asked  to  probe  for  other  rea- 
sons for  the  selection,  the  respondent  provided  insufficient 
detail  to  determine  the  respondents  definition  of  conven- 
ience. It  would  be  impossible  to  state  whether  convenience 
was  related  to  ease  of  travel  to  the  location,  ease  in  find- 
ing a  parking  location,  or  say,  convenience  of  service  pro- 
vided by  the  commercial  establishment. 
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TABLE  C5   REASONS  FOR  SELECTING  SHOPPING  TRIP  DESTINATION 

Reason  for  choice      Number  of  Percent  of  Respondents 
of  shopping  location   Responses   Indicating  this  Factor* 


Closest 

110 

32 

Convenience 

76 

22 

Selection 

74 

22 

Price  of  goods 
(or  sale) 

65 

19 

Had  other  business 
in  area 

40 

12 

Could  shop  at  several 
stores 

26 

8 

Easiest  to  get  to 

13 

4 

Always  go  there 
(traditional) 

11 

3 

Miscellaneous 

^7 

14 

*  Since  respondents  could  cite  more  than  one  reason  for 
selecting  their  destination,  the  percentages  do  not  add  to 
100  percent. 

The  respondents  seldom  directly  stated  a  reason  for 
their  choice  which  was  a  direct  factor  of  the  quality  of  the 
transportation  system  or  traffic  flow.  However,  when  the 
respondents  were  asked  to  consider  whether  a  different  time 
of  the  day  would  have  been  preferred  for  the  trip,  the 
effects  of  traffic  become  more  prominent.  Nearly  twenty 
five  percent  of  the  respondents  who  would  have  preferred  a 
different  time  to  make  the  trip  indicated  they  would  prefer 
to  make  the  trip  at  a  time  when  there  was  less  traffic.  The 
conditions  within  the  shopping  development  itself  though, 
were  more  important  as  nearly  one-third  of  the  respondents 
indicated  the  stores  would  be  less  crowded  if  they  could 
have  gone  at  the  preferred  time. 
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In  general*  the  respondents  were  satisfied  with  the 
time  of  day  for  travel  as  only  15  percent  would  prefer  an 
alternate  time.   Those  starting  their  trips  between  3t00  P.M. 
and  4:00  P.M.  indicated  the  greatest  desire  to  make  the  trip 
at  an  alternate  time;  forty  percent  of  these  individuals 
would  have  preferred  another  time  of  day.   Irrespective  of 
the  actual  time  of  start,  80  percent  of  those  preferring  an 
alternate  time  would  like  to  have  started  the  trip  earlier 
in  the  day. 

A  Summated  Rating  for  Relating  Individual's  Attitudes 
to  Rate  of  Trip  Production 

A  summated  rating  scale  was  used  to  obtain  a  measure  of 
individual's  psychological  values  which  might  be  related  to 
his  inclination  or  desire  to  travel.   It  is  felt  that,  in 
addition  to  economic  considerations  such  as  income  and  auto 
ownership,  the  individual's  attitudes  towards  travel  would 
also  help  define  variations  in  travel  behavior.   For  example, 
respondents  who  agree  with  a  statement  that  "it  is  relaxing 
to  get  away  from  the  house  and  travel"  may  tend  to  make  more 
trips  than  an  individual  who  disagrees  with  the  statement. 
The  measures  selected  to  describe  the  travel  characteristics 
which  might  arise  in  an  individual's  psychological  field  are 
given  in  the  questionnaire,  (Appendix  A,  Question  74).   These 
descriptors  are  repeated  in  Table  C4  along  with  the  average 
response  value  for  each  statement.  The  scales  were  esta- 
blished such  that  a  respondent  more  inclined  to  travel  would 
have  a  higher  socre  than  a  respondent  less  inclined  to  travel. 
In  the  presentation  of  the  statements,  however,  some  of  the 
statements  (numbers  one,  three,  and  seven)  were  worded  such 
that  a  low  score  would  indicate  higher  travel  inclinations. 
Then,  during  coding,  the  score  values  were  reversed  for 
these  statements.   The  total  score  for  all  items  is  a  compos- 
ite measure  of  the  individuals  attitudes. 
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TABLE  C6   SUMMATED  RATING  SCALE  ANALYSIS  FOR  RELATING 
INDIVIDUAL  ATTITUDES  TO  TRIP  PRODUCTION 


Statement 


Numerical  rating  indicating 
degree  of  agreement  with 
statement  a 


Travel  on  Urban  Streets  is 
Difficult. 

I  can  leave  to  make  a  trip 
about  any  time  I  like. 

It  is  difficult  to  get  to  the 
place  I  would  really  like  to 

go. 

I  find  it  relaxing  to  get  out 
and  take  a  trip  in  the  area. 

I  don't  worry  too  much  about 
having  an  accident  when  I 
take  a  trip. 

I  don't  generally  worry  about 
how  much  it  costs  me  for 
travel  when  I  decide  to  make 
a  trip. 

I  would  rather  stay  at  home 
than  be  in  the  crowd  of 
people  that  are  out  on  the 
road. 


3.62* 

5.09 
4.6?  * 

4.28 
4.50 

4.82 
3.48  ♦ 


Composite  Score 


30.46 


Maximum  possible  score  is  7.  A  higher  score  is  taken  to 
represent  a  higher  inclination  to  travel. 

*  These  items  were  reversed  scored  before  computing  average 
(Average  score  =  8  -  Reported  score) 
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The  average  values  were  noted  to  be  very  close  to  a 
neutral  opinion  (scale  value  of  k   indicates  the  neutral 
position)  for  each  of  the  individual  statements  and  for  the 
composite  measures.   The  composite  score  of  a  persons  atti- 
tude towards  travel  exhibited  a  linear  correlation  with  the 
respondents  trip  production  of  0.15.   This  composite  mea- 
sure, as  defined  by  the  selection  of  statements  in  this 
study,  was  not  considered  a  successful  measure  to  differ- 
entiate travel  behavior  in  an  estimation  model. 
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